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I. INTRODUCTION fused to yield to the sufferings his early 


“HE memory of Eugene Wilson Cald- roentgen work had brought upon him. 
well will alw ays serve as an inspira- I feel unworthy to give this Caldwell Lec- 
tion to those who knew him. It was oneof ture, but greatly honored in being asked to 
do so, for 1am mindful not only of the great 
Caldwell, but also of those distinguished 
men who have preceded me in the series. 


the great privileges of my life to be included 
in his circle of friends. To think of him al- 
ways brings to my mind those sterling 
traits of character which he possessed to 


The subject of my lecture this evening 
such an unusual degree. I think of his in- 


is the outgrowth of a suggestion made by 
Dr. Moore that I talk on the historical 
development of the hot-cathode tube. I 
questioned at first whether I could make 
so old a subject interesting to you, but 
then I remembered that while the theme 


defatigable zeal, his dissatisfaction with 
his own achievement and his constant 
striving to better it, his great courage and 
patience in the face of difficulties and, 
finally, his unconquerable spirit which re- 


* Delivered at the Thirty-first Annual Meeting, American Roentgen Ray Society, West Baden, Indiana, Sept. 23-26, 1930. 
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would be old to some it would be new to 
others. And then I thought that by broad- 
ening the field to include the balance of the 
x-ray generating outfit, I could add more 
fresh material. 

I will limit myself to the medical field, 
but will make no attempt to cover the 
whole of it. 


2. THE X-RAY TUBE 
a. Its Early Development. 


The early x-ray tube of Roentgen (Fig. 
1), the Crookes tube, was greatly improved 


Fic. 1. Early type of x-ray tube used by Roentgen. 
by Campbell-Swinton through the intro- 
duction of a platinum target and by Jack- 
son, who turned to account a former dis- 
covery of Crookes and used a concave 
cathode (Fig. 2). 


Cathode 


Anode and 
Anticathode 


Fic. 2. Jackson’s first tube employing focussed 
cathode rays. 


A later step of great importance was the 
addition of a device for regulating the vac- 
uum of the tube. 

For medical diagnostic work, the thin 
metal target was soon replaced by a heavy 
mass of metal consisting essentially of two 
parts, a refractory metal face to take the 
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cathode-ray impact and a heavy back- 
plate consisting of some good heat-con- 
ducting metal which would serve to lead 
away and temporarily store the heat lib- 
erated at the focal spot. 

Platinum and copper came into very 
general use for the refractory metal face 
and backplate, respectively. The platinum 
facing was made very thin, about 1/1 
inch thick, and was attached to a disk of 
nickel which, in turn, was soldered to the 
large mass of copper. The tube had a very 
definite energy limitation and, if this were 
exceeded even for an instant, the thin fac- 
ing of platinum was ruined at the focal 
spot and the tube had outlived its useful- 
ness. 


b. Development of Ductile Tungsten. 


In 1905 some developmental incandes- 
cent lamp work was started in our labora- 
tory, which led us later into the x-ray tube 
field. This work began with an investiga 
tion of the mechanical properties of me 
tallic tungsten, and resulted first in the 
production of this element in a ductile 
form, and finally in its application for 
various purposes—among others its use for 
both electrodes of the x-ray tube. 

Up to the time when this work was be 
gun, tungsten had always been a brittle 
metal—as brittle as glass—and not worka 
ble. As a result of laboratory efforts ex- 
tending over several years and involving 
many men, it became possible to produce 
metallic tungsten in a form in which it has 
the strength of steel. 

The process which we developed for pro 
ducing ductile tungsten is unique in this 
respect, among others, that it does not 
involve the melting of the metal in a cruci 
ble. This has never been feasible, for the 
reason that there is no suitable material 
from which the crucible can be made. The 


fireclays which have been used for crucibles 
all vaporize at temperatures far below the 
melting temperature of tungsten. 

The process starts with wolframite (an 
ore consisting of iron, manganese, tungsten, 
and oxygen) from which the yellow oxide 
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Fic. 3. Battery of electric, 


metallic powder. 
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hydrogen-atmosphere furnaces for reducing the yellow oxide of tungsten to 


Fic. 4. Compressing the metallic tungsten powder Fic. 5. Sintering tungsten rod in hydrogen treating 
to rod form by means of hydraulic press and steel bottle (raised to show rod clamped in position). 
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of tungsten is extracted and then highly 
purified. 

This yellow oxide is next reduced to 
metal powder by heating it electrically in 
a porcelain tube through which a stream 
of hydrogen gas is passing (Fig. 3). A 
very careful and exact control of the condi- 
tions of the reduction process is necessary, 
so that the resulting tungsten particles 
shall have the right size. 

The dry tungsten powder is next formed 
under heavy pressure into rods (Fig. 4), 
and these are then heated electrically al- 
most to the melting point in hydrogen (Fig. 
5). The resulting ingots are brittle cold, 
but can, with care, be mechanically worked 
when hot (Fig. 6), and as the mechanical 


Fic. 6. Hot swaging the tungsten rod. 


working proceeds the individual crystals 
are elongated into fibers (Fig. 7) and the 
metal is thereby strengthened. With suf- 
ficient working the resulting material be- 
comes ductile cold. 
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Fic. 7. Photomicrograph of the crystalline structure 
of tungsten before swaging (left) and the fibrous 
structure afterward (right). 


c. The Tungsten Target. 


After the ductile tungsten process had 
been developed sufficiently for the needs 
of incandescent lamp manufacture, the 
next application which we found for it was 
as the target of the gas-filled x-ray tube, 
in place of the platinum which had pre 
viously been used. 

For this application, sheet tungsten was 
required, and it was found that this could 
be produced by hot-rolling the original 
rods or, better, those which had first had 
a certain amount of hot hammering. From 
such sheets or strips the small disks re 
quired were produced by hot-punching 
(Fig. 8). 

Our next problem—and it caused a delay 
of many months—was to find a method for 
bringing a disk of tungsten into good heat 
conducting relation with the large block of 
copper forming the balance of the target. 
There was, at that time, no known means 
for soldering tungsten to copper or to any 
thing else. 

It finally developed that copper could 
be attached directly to tungsten in the fol- 
lowing manner: The surface of the tung 
sten is first carefully freed from oxide. Cop 
per which has been freed of its oxide by 
treatment with one of the boron com 
pounds is then cast in a vacuum onto the 
tungsten. Under these conditions, the 
copper wets the surface of the tungsten 
as water wets glass, and the result is a 
union of very high thermal conductivity 
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between the two metals. The practical 
means employed for carrying out the vac- 
uum-casting operation are as follows (Fig. 

A cylindrical graphite crucible, 1, is 
made with an inside diameter slightly 
larger than the diameter of the 
finished target. A removable graphite 
piece, 2, is made to stand in the bottom 
of the crucible and to serve as a temporary 
support, at the desired angle, for the tungs- 
ten disk, 5. The latter is kept from sliding 
down the inclined face of its support by 
two little molybdenum pins, 6 and 7, which 
fit in holes in the graphite support. A 
block of boron-treated copper, 


desired 


8, is then 
The crucible and its 
placed, together with 


placed in the crucible. 
are 


contents then 


AA aA 


gas 


Kig. 8. Steps in the production of the tur 
for x-ray targets. 


esten disks 
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Means for vacuum-casting 
disk, and the 
tungsten target. 


Fic. 9. of copper around 


tungsten finished copper-backed 


others, in an electrically heated vacuum 
furnace and the temperature is raised 
slightly above the melting point of the 
copper. The temperature must not be too 
high, as otherwise the strength which has 
been produced in the tungsten by the 
mechanical working will be lost and the 
target will crack badly in use. 

The tungsten disk must not be too thin, 
for otherwise copper will melt back of the 
focal spot and will, by its expansion, cause 
a bulging out of the tungsten at this point. 
Upon cooling, the copper will contract, 
leaving a vacuous space immediately under 
the tungsten at the focal spot; the target 
is then ruined, as the good heat conduc- 
tivity between the tungsten and the copper 
at the focal spot has been lost. As copper 
conducts heat better than tungsten, it is, 
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on the other hand, better to have the tung- 
sten disk no thicker than is necessary to 
avoid the melting of the copper under the 
focal spot. 


Fic. 10. Gas tube employing copper-backed tung- 
sten target. 


The advantages of ductile tungsten over 
platinum for the target face are its higher 
melting point, lower vapor pressure, and 
greater heat conductivity. Its use resulted 
in better definition in diagnostic work be- 
cause it made possible the production of 
much higher x-ray intensities from a given 
size of focal spot. 

Trial targets consisting entirely of tung- 
sten were also made for the gas tube, and, 
in competition with those of solid plati- 
num, they also looked very attractive as 
they were capable of radiating from a given 
surface area, much greater amounts of 
energy. 

Before the advent of the hot-cathode 
tube, the tungsten target (Fig. 10) had 
replaced the platinum target almost com- 
pletely in the high power roentgenographic 
tubes made in this country. 


d. Historical Development of the 
Cathode Tube. 


The development work on the copper- 
backed tungsten target brought with it 
interesting experiences with gas-filled x-ray 
tubes that had been built to enable us to 
test out different constructions and designs 
of target. Large amounts of energy were 
passed through these tubes to show which 
kind of target best withstood abuse. Upon 
overloading the focal spot, tungsten vapor 
was produced and this tungsten vapor 
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brought about very rapid changes in gas 
pressure. ‘These pressure changes are now 
easily explainable. Dr. Langmuir! has 
found that tungsten vapor unites quanti- 
tatively with nitrogen; hence any nitro 
gen gas was removed as such and deposited 
as solid nitride on the walls of the tube. 
Oxygen reacted with hot tungsten to form 
a solid oxide of tungsten which was also 
deposited on the bulb. Hydrogen, argon 
and helium were tried but it was found 
that, in time, they also disappear from the 
space. These gases which do not react with 
hot tungsten or with tungsten vapor are 
probably, in part, shot into the glass and, 
in part, trapped under the tungsten which 
deposits rapidly on the surface of the bulb 
when the tube is overloaded. 

Upon overloading the tubes, the glass 
around the cathode became very hot and 
frequently cracked. This was finally pre- 
vented by immersing the tubes completely 
in oil. 

Another trouble then made its appear- 
ance. The aluminum cathodes melted. To 
obviate this, a solid tungsten cathode was 
tried. This made the tube exceedingly 
“cranky.” One would no sooner get it 
started than it would refuse to carry cur- 
rent until more gas had been introduced 
from the regulator. 

The extreme instability attendant upon 
the use of a cold tungsten cathode in what 
was otherwise a standard x-ray tube, called 
attention forcibly to the part played by 
the gas in the ordinary aluminum cathode 
(The tungsten cathodes 
very free from gas.) 

The need of gas in the aluminum cathode 
had been well recognized, and, as far back 
as Dec. 6, 1899, we find a note by Rollins 
referring to a tube having an aluminum 
cathode which had been intentionally de- 
prived of its usual hydrogen gas content. 
He says, “Such a tube could rest until 
doomsday and not make the faintest spark 
in the universal gloom.” 

In considering the various troubles ex- 


were relatively 


1 F. Am. Chem. Soc. 1915, 35; 943- 
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perienced in the operation of these tubes, 
one thing was clear, namely, that they all 
came from the gas in the tube and the 
positive ion bombardment that took place 
when that gas was present. It was clearly 
desirable to get rid of the gas, but it was 
then imperative to have some other mecha- 
nism for getting electrons out of the cath- 
ode. 

Edison, in his work on the incandescent 
lamp, had shown that in the vacuum of the 
lamp, current could be made to flow from 
the hot filament to an anode. Much ad- 
ditional light had been shed on this phe- 
nomenon by the work of Richardson? and 
others. Richardson had investigated the 
law connecting the electron emission with 
the temperature of the hot body. The 
values of the currents obtained from hot 
cathodes by different observers had varied 
between such wide limits, however, as to 
suggest that an x-ray tube based upon this 
principle might be as unstable as the 
regular gas tube. Furthermore, some in- 
vestigators had come to the belief that the 
whole hot cathode effect was due to gas 
contained in the cathode itself and that no 
current would flow from a hot cathode 
which had been completely freed from gas. 

This was the state of affairs when Lang- 
muir,® in our laboratory, took up the study 
of the electron emission from hot tungsten 
filaments. He found that the electron 
emission not only persisted in high vacua, 
but was favored by getting rid of the last 
traces of the tube. In this way, he was 
able to realize conditions which were stable 
and reproducible. 

The same method was tried with the 
x-ray tube, and we found that here also, 
even with the much higher voltages and 
the much larger masses of metal, we were 
able to get and to maintain vacua in which 
the phenomena were stable and reproduc- 
ible.* 

The idea of using a hot cathode in an 
x-ray tube was not new, but the principle 
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had never been successfully applied in a 
vacuum so good that positive ions did not 
play either an essential or a harmful role. 

The hot-cathode tube of Wehnelt and 
Trenkle® employed a lime-coated hot-cath- 


an 


FO 


50 


Fic. 11. Early type of Lilienfeld x-ray tube. 
ode as a main electrode, but the vacuum 
employed was too poor to permit of opera- 
tion with more than about 1000 volts, as 
otherwise the positive ion bombardment 
removed the electron-emitting lime coating 
from the cathode. 

In the early hot-cathode tube of Lilien- 
feld® (Fig. 11) the main electrodes, 47 and 
49, were exactly the same as in the ordinary 
gas tube. By means of current flowing 
between a pair of auxiliary electrodes, 51 
and 52, the cathode of which, 51, was 
heated, the gas content of the tube was 

5 Sitzungsb. d. phys.-med. Soc. zu Erlangen, 1905, 37) 312-315. 


6 Lilienfeld, J. EF ., and W. J. Rosenthal, W. J. Fortschr. a. d. 
Geb. d. Rintgenstrahlen, 1912, 18, 256-263. 
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ionized, and, by varying the discharge cur- 
rent passing between the auxiliary elec- 
trodes, the conductivity of the tube could 
be controlled. The tube operated with a 
somewhat lower gas pressure than that of 
the ordinary gas tube. It was still a gas 
tube, however, and could not be operated 
if the pressure became too low. 

In the first of our tubes, the cathode con- 
sisted of a spiral tungsten filament mounted 
behind a centrally perforated tungsten or 
molybdenum focussing disk, both filament 
and disk being set in the cathode side-arm 
and the anode consisted of a circular tung- 
sten disk attached to the end of a tungsten 
support-rod (Fig. 12). 


&z - | — 

{_} 
Fic. 12. Diagram of early type of hot-cathode x-ray 


tube with spiral tungsten-filament cathode set 
behind focussing ring, and circular tungsten-disk 


anode, together with the high-voltage and fila- 
ment-heating circuits. 
From the earliest form, the design 


changed, before the tube went on the mar- 
ket, to essentially that of the present “Uni- 
versal” type (Fig. 13). 


Fic. 13. Later form of hot-cathode tube having the 
principal features of the present-day “ 
type. 


Universal” 


You are all familiar with the various 
forms which have appeared since then, both 
in this country and abroad. 

Experience has shown that the main ad- 
vantages of the hot-cathode tube over the 
gas tube are the following: 
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Flexibility. 

Stability, permitting more accurate re- 
producibility of results. 

It can be made much smaller. 

It can be operated directly from a trans- 
former, making possible a very simple type 
of outfit. 

Long life. 


Heat Removal from Focal Spot. 
There are only two ways in which ap 
preciable heat removal from the focal area 
can take place: by direct radiation from 
the focal spot and by conduction away 
from the focal spot to other parts of the 
target from which it can later escape in 
various ways. The limiting case is that in 
which the entire focal area is brought to 
the melting point (if one attempts to go 
higher than this, the appreciable vaporiza 
tion of the tungsten leads to great in 
stability in the discharge). With the focal 
spot at the melting point, the direct radia 
tion amounts to only 3.6 watts per square 
millimeter. In a tube, then, operating, for 
example, at 100 milliamperes and 85 kv. 
(peak) and having a focal area of 17 sq. 
mm. only about 60 watts, or I per cent 
of the total energy input, would be radi 
ated directly from the focal The 
large bulk of the energy must then be con 
ducted away from the focal area through 
the adjacent metal. 

The superiority of a copper-backed tar 
get to one of solid tungsten for diagnostic 
work is due to the fact that copper has 
much greater heat conductivity than tung 
sten. 

Having got the heat away from the 


spot. 


mediate neighborhood of the focal spot, 
there are various ways of removing it from 


the head of the target. 
In copper-backed tungsten targets, the 
heat flows through the large copper stem 
to the radiator outside. 
Heat removal may, in general, be further 
expedited by the use of water. 
especially desirable in the 


This seems 
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case 


power therapy tubes. 
Where the tube is operated in oil, 
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length of the anode stem may be greatly 

reduced from that required for operation 

in air, and, in this way, heat removal may 
be facilitated. This is illustrated by the 


two tubes shown in ‘igure l4, the longer 
of which can be operated continuously in 
air at 30 ma. 


and 


85 kv. (peak) for only 
thirty seconds while the shorter one can 
be run in oil at the same current and volt 
age for four minutes. 

The neck of the bottle in the cooling 
process in the diagnostic tube is the re 
sistance, to heat flow, of the metal in the 


immediate neighborhood of the focal spot. 
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There are two methods which can be 
used to minimize the effect of this limita- 
tion. 

The first consists in changing from single 
phase to multiphase current excitation, or 
better still, to direct current at constant 
potential. The main advantage derived 
from this method is due to the fact that it 
does not involve the high peak values of 
current required to give the same milli- 
amperage on single phase current. It is 
these peak values which set the limit in 
the latter case. The only trouble with this 
method is that, except in those rare cases 
where multiphase current is already avail- 
able in the medical roentgen laboratory, 
it involves a very considerable increase in 
the cost of equipment. 

The second method consists in the use 
of a lateral movement of the target face 
with respect to the cathode rays. This 
method was advocated by Dr. Elihu Thom- 
son in a patent applied for in 1914 in which 
he proposed to rotate the target by the 


rotating 


with 


15. tube 


X-ray 


Thomson. 


target, by 


help of an electric motor (Fig. 15). I? have 
used this method (Fig. 16), and a tube of 


— 


Fic. 16. Hot-cathode x-ray tube with rotating target. 


7 AM. ROENTGENOL., 1915, 2, 884-886. 
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this type has been described by Bouwers.$ 
I have accomplished the same result by 
rotating the entire tube (Fig. 17), while 
holding the cathode-ray stream stationary 
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Fic. 17. Rotating x-ray tube. 


in space and bent away from the axis of 
the tube by means of a solenoid, 20, or 
a small magnet... Rotation of the entire 
tube has the advantage over rotation of 
the anode only, in that it does away with the 
lubricating difficulties attendant upon the 
use of internal bearings. It also makes 
easier the removal of heat from the anode 
by permitting the use of the ordinary solid 
copper anode stem leading out to a radiator, 
and even facilitates the action of the latter 
by rotating it in the air. 

By rotation of either tube or target, the 
allowable energy input per unit area of 
focal spot can be increased several fold. 
The future of such a system simply awaits 
the answer to the question as to whether 
the gain justifies the complications and 
limitations involved. 


f. Focal Spot Shape and Size. 


In tubes having a target angle of 45°, 
the focal spot is elliptical, the longer dimen- 


8 Verhandl. d. deutsch. Réntg.-Gesellsch., 1929, 20, 103-106. 
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sion being about 40 per cent greater than 
the shorter one. When viewed in the 
direction of the normal to the target face, 
the focal spot is seen in its true elliptical 
shape; in the direction of the so-called 
“central ray,” as a circle; and, in the direc- 
tion of glancing incidence, as a line. 

The significance of this change in ap 
parent shape with direction, was recog- 
nized by Rollins who, in 1897, published 
a note on “Why the definition of a reflect- 
ing focus X-light tube is better in one plane 
than another,” and said: “In practical 
work we should be careful to place the 
tube in such relation to the patient as to 
see the oval figure at an angle to reduce 
its length.” 

The fact that the focal spot appears 
different in different directions leads un- 
avoidably to a certain astigmatism in the 
roentgenogram, and this effect increases 
with ellipticity. If, however, the user will 
limit himself to a sufficiently narrow cone 
of rays, taken in the right direction, he can 
gain considerably by using an elliptical 
focal spot. The gain consists in an increase 
in the x-ray intensity per unit of apparent 
focal area. There is a limit to the ellipticity 
which can be helpfully employed, for, if 
it is too great, the rays will have to be 
taken off at almost glancing incidence, and 
x-ray intensity falls off rapidly as one ap- 
proaches close to glancing incidence, es- 
pecially so if any considerable roughening 
of the focal area has taken place. 

In the line-focus tube, as made by the 
Philips Company,° the ratio of length to 
breadth is about 3 or 4 to I. 

Regardless of the shape of focal spot, 
for best diagnostic results, the size of focal 
spot should always be as small as can be 
used safely with the load. 

This can be accomplished crudely by 
having a number of tubes with a variety 
of focal spot sizes. 

The “Dofok” tube with its two filaments, 
gives a choice in the one tube, of two dif 
ferent focal spot sizes, and is therefore a 
step in this direction. 
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The method which would accomplish 
the result most fully would be that, sug- 
gested by Dr. Langmuir,’ in which the 
focal spot may be given at will any desired 
size, the adjustment being obtained in- 
stantly by varying the potential of the 
focussing member of the cathode with re- 
spect to the electron emitting portion. The 
only objection to thus giving the operator 
easy control of focal spot size lies in the 
fact that it complicates matters for him, 
forcing him to guard constantly against 
overloading the focal spot. 

It would be more ideal if the focal spot 
size could be automatically adjusted to the 
load. Two methods of automatically ad- 
justing focal spot size to milliamperage 
have been suggested, one by Franke" and 
the other by Kearsley.” It would be still 
more ideal if the adjustment could be to 
watts instead of milliamperage. To be 
perfect, however, the automatic adjust- 
ment for watts should take into account 
the time factor also, for the shorter the 
time, the smaller the focal spot which can 
be used for a given wattage. By further 
complication, this result also could be ac- 
complished. 

The desirability of simplicity in tech- 
nique may lead one away from the most 
ideal condition, however, and experience 
alone will show just how far it is desirable 
to go in this matter. 


g. Tubes for Very High Voltage Roentgen 

Therapy 

For this purpose, use can be made of 
cathode-ray tube development,! in which 
it has been shown that tubes can be built 
for very high voltages by the use of a 
cascade system. By this method there ap- 
pears to be no limit to the voltage which 
can be used. 

A two-section x-ray tube of this type 
has been made to operate very satisfac- 
torily on the pump at 3 ma., and 500,000 


U. S. Patent No. 1,251,388. 


" Brit. F. Radiol., 1927, 237, 134-139. 
2 Am. J. RoentGenoi. & Rap. THERAPY, 1930, 27, 170-172. 
Coolidge, W. D., Am. J. Roentcenor. & Rav. THERAPY, 


1928, 79, 313-321. 
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volts (Fig. 18). The target is placed, not 
in the center of the bulb, but inside of the 
copper shield and near the outer end of 
In this way most of the 


the anode arm. 


Fic. 18. A 500,000 volt x-ray tube built in two 
sections. 


reflected electrons are kept from returning 
to the bulb of the second section and 
getting into the anode arm. With this tube 
the x-rays are taken out sideways through 
a hole in the copper shield and through 
the glass of the anode arm. 

The outfit shown in Figure 18 has been 
sent to Cornell University where Dr. Richt- 
myer will make a study of the radiations 
emitted. 

For trial therapy a three-section tube is 
being developed for g00,000 volts, to be 
operated with the anode grounded. In 
this case the anode will be made thin and 
the x-rays will be taken out through it, 
and through the cooling water, in the direc- 
tion of the axis of the tube. 


+ 


3. THE HIGH-VOLTAGE GENERATING 
APPARATUS 


a. Early Development. 


The early sources of current, used to 
operate the x-ray tube, were the induction 
coil, the static machine and the high fre- 
quency coil. 

A great stride forward was taken by 
Snook who developed the Lemp Selector 
into a very satisfactory high-power source 
of rectified current. 


on A 
at fh, | - | 
| 
| 
| 


616 


b. The Self-rectifying X-ray Tube. 

The hot-cathode radiator type of tube 
made possible the very simple type of 
equipment in which the tube operates di- 
rectly from the transformer. 

The question will be asked as to why a 
rectifier of any kind should ever be used 
in series with a self-rectifying x-ray tube 
for such loads as the latter can by itself 
safely rectify. There are two reasons for it. 
In the first place, the focal spot can be 
made appreciably smaller if the x-ray tube 
is not required to act as a rectifier. In the 
second place, an x-ray tube may, by abuse, 
be brought into such a condition that it 
will not operate satisfactorily on unrecti- 
fied current but will still operate in a 
perfectly satisfactory manner with a recti- 
fier. 

In the past it has not seemed practical 
to operate any half-wave outfit with very 
high milliamperage owing to the fact that 
the inverse voltage becomes so high. A 
recent invention of Kearsley’s 
ever, greatly changed this. 


X-RAY TUBE 


‘ has, how- 
By the simple 


Fic. 19. Diagram of x-ray generator circuit with 
rectifier in primary to reduce inverse voltage. 


“* General Electric Review, 1930, 33, §72- 
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Fic. 20. Early form of kenotron tub 
ponent parts. 
introduction of a mercury arc or other 


rectifier in series with the primary of the 
x-ray transformer (Fig. 19) he has in- 
creased by several fold the allowable out 
put from a given half-wave outfit. 


c. The Kenotron Machine. 
The kenotron tube was first described 
by Dr. Dushman, of our laboratory, in 


1915. From the beginning, it has offered 
a number of advantages over the mechant- 
cal rectifier, which are so obvious that one 
may easily wonder why it did not im 
mediately replace the latter in all x-ray 
generating equipment. The 
simply that the mechanical rectifier was 
at that time a highly developed tool and 
the kenotron tube (Fig. 20) had not been 
developed to a point where it seemed that 
it could compete with it in the x-ray field 


answer 1S 
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in point of reliability. In a later form of 
kenotron tube (Fig. 21) which has been 
used in many x-ray outfits, there has been 
a variable charging up of the inner surface 
of the glass. This has been described by 
Max Wellauer.” As a result of this trouble 
the voltage drop in this type of kenotron 
tube was a variable quantity, depending 
on the vacuum. It might be ¢ volts or, 
an instant later, it might be 5 volts. 
As, with the bridge connection (full wave 
rectification) there were two kenotron tubes 
in series, this introduced an uncertainty of 
several thousand volts in the voltage sup- 
plied to the x-ray tube and was therefore 
opposed to the exact duplication of roent- 
genographic results. In still later forms 
the anode is, as at first, made to surround 
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the cathode, thus eliminating the insta- 
bility. 

It has been shown that the x-ray output 
per milliampere is the same from a keno- 
tron machine as from a properly adjusted 
mechanical rectifier and higher than from 
an improperly adjusted one. 

There is no valid objection to the idea 
of a kenotron machine, and the future of 
this type of equipment will depend en- 
tirely upon the satisfactoriness of the keno- 
tron tube itself and upon apparatus design 
features calculated to minimize as much 
as possible the needless demands made 
upon the kenotron tube. 

By the use of a multiplicity of kenotron 
tubes on multiphase current, or with keno- 
tron tubes and condensers, voltage fluctua- 
tions at the tube terminals may be reduced 
to any desired extent, that is, one may 
approach as closely as he desires to con- 
stant potential continuous current. 


d. The Induction Coil for Very High 
Voltage. 


For the production of very high voltage 
radiation, we have developed a type of 
induction coil which is relatively cheap 
and easy to make and very satisfactory 
(Fig. 22). We started with the idea of 
using solid dielectric between the primary 
and secondary, but have found it much 
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Fig. 22. Diagram of induction coil for supplying 
goo,00o volts to operate a multisection x-ray tube. 
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better to rely mainly on oil. The container 
A is a “herkolite” (paper-resin) tank. The 
primary B is a helical coil wound on an 
insulating tube that surrounds the core C. 
The secondary D consists of thin coils 
placed one on top of the other with paper 
rings between. The lower end of the 
secondary is grounded, and the potential 
difference between secondary and primary 
then increases as we come up, reaching its 
maximum at the top of the secondary. 
Arc-over would take place from the top of 
the secondary to the primary at about 
600,000 volts, were it not for the split 
aluminum spinning £, which electrostati- 
cally shields the upper end of the coil and 
makes it possible to go to about 800,000 
volts. At this point, arc-over would take 
place from the aluminum spinning to the 
upper end of the core were it not for the 
spherical shield F', which makes it possible 
to go up to 900,000 volts. The design of 
the shield F' is important as it has to be 
electrically conducting and is located where 
nearly all of the magnetic flux of the core 
passes through it. If it were a hollow metal 
sphere of appreciable thickness, most of 
the energy delivered to the primary would 
be wasted in the sphere in eddy currents. 
The construction indicated has been found 
satisfactory and consists of a wooden 
sphere overlaid with narrow strips of sheet 
aluminum placed as shown, and metalli- 
cally joined at the top and connected to 
the upper end of the core. 

The 900,000 volt lead from E passes up 
through an oil bushing to a 20” hollow 
metal sphere G, consisting of two separable 
hemispheres, which serves as a container 
for the storage battery used to light the 
filament and, at the same time, as a termi- 
nal of the measuring sphere gap. To secure 
other potentials for the intermediate elec- 
trodes of a three-section tube, the 600,000 
and 300,000 volt taps, H and /, are brought 
out to the intermediate electrodes of the 
tube, ¥ and K respectively. 

The coil is operated from 1200 volt, 60 
cycle current, by means of a hydrogen- 
filled mercury turbine interrupter driven 
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from a synchronous motor. Such an outfit 
is to be installed shortly, for experimental 
therapy, at the Memorial Hospital in New 
York. 

As one end of the secondary is grounded, 
it will doubtless be possible to operate two 
such coils in series to produce 1,800,000 
volts. It seems, furthermore, as though 
larger coils could be built in this way for 
much higher voltages. 

It may seem like turning the clock back- 
wards to be working on induction coil 
developments at this time, and that it 
would be better to use transformers with 
kenotron tubes and condensers. For the 
medical applications, however, it seems as 
though very little current would be re- 
quired at these high voltages, and, if this 
is true, the induction coil seems to be 
especially suited to the purpose, and for 
the following reasons: In the first place, 
there is no need of any auxiliary rectifying 
device, as the x-ray tube is capable of 
rectifying its own current. The induction 
coil gives such an unsymmetrical wave 
that, even with resistance control, the “‘use- 
ful” voltage will be higher than the “in 
verse,” and, as a result, and without the 
need of any complications, the sphere gap 
will indicate the “useful” voltage. Further- 
more, owing to the simplicity of the high 
tension circuit the corona loss can be made 
negligible. The high magnetic leakage, 
inherent in the straight open core, and the 
resistance control, both tend to greatly 
diminish the electrical hazard; they also 
make it unnecessary to use resistances in 
series with the measuring sphere-gap. 


4. PROTECTION FROM ELECTRIC SHOCK, AND 
THE OIL-IMMERSED TYPE OF EQUIPMENT 


The hot-cathode tube has brought, in 
its train, for roentgenographic work, auto- 
transformer control. This has tremend- 


ously increased the danger from accidental 
contact with the high tension circuit. Even 
with resistance control, however, the dan- 
ger would still be very great when using high 
milliamperage. 


For these reasons more 
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attention must be given to the matter of 
electrical protection. 

For diagnostic work, the outfit in which 
the x-ray tube and the entire high tension 
circuit are immersed in oil in a grounded 
metal container, promises to become the 
final type of x-ray generating equipment, 
for the following reasons: 

1. It completely eliminates the electrical 
hazard. 

2. By permitting a great reduction in 
the length of the anode arm of the tube, 
and, hence, the anode stem, it gives a cor- 
responding increase in the rapidity of heat 
removal from the anode, thus allowing 
| x-ray output in a given time. 

3. It eliminates the effect of altitude and 


huinidity. 


increasec 


4. It eliminates fire-risk in the presence 
of ether vapor. 

5. It gives mechanical protection to the 
x-ray tube and insures the mechanical in 
tegrity of the entire high tension circuit. 

For mechanical reasons, it is desirable 
that the weight and bulk of the head of an 
oil-immersed outfit should be kept as low 
as possible. If the movable part were too 
heavy, its inertia would be troublesome, 
making it too laborious, even in the absence 
of all friction, to produce the acceleration 
and deceleration involved in moving it 
quickly from one position to another in 
space. These conditions have seemed to 
favor half-wave operation, and this, be- 
cause of the “‘inverse”’ problem, has limited 
the capacity of such outfits. Kearsley has 
recently found, however, as has already 
been mentioned, that with half-wave opera- 
tion, “inverse” can be greatly reduced by 
the use of a mercury arc or other rectifier 
in series with the low voltage primary 
circuit. In this way a several fold increase 
in capacity may be made without increase 
in size and in fact without any change in 
the movable member. 


§. PRECISION TIMING IN FAST 
ROENTGENOGRAPHY 


Generally speaking, it seems question- 
able whether very high speed roentgeno- 
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graphic work has, in the past, been satis- 
factory. The reason for this is to be found 
in the fact that with increase in speed there 
has in general been a decrease in the pre- 
cision of the work. In other words, it has 
not been possible to duplicate results as 
closely. This is partly due to imperfections 
in the timing device itself but, more es- 
pecially, to the fact that the time taken in 
actually opening the circuit was so variable 
depending on whether it happened that the 
event was scheduled to take place at zero, 
or at the peak, or at some intermediate 
point in the voltage wave. 


ic. 23. Kearsley vacuum-tube time switch. Upper 


left: Condenser. Lower left: Adjustable rheostat. 
Upper right: Thyratron tubes. Lower right: 
Relay. 


To get precision timing for high speed 
work, it is desirable to make and break 
the primary circuit at zero on the voltage 
wave. This result has been accomplished 
in two ways by Kearsley.’ 
tube time 
switch, with no moving parts, consisting 
essentially of a condenser which is first 
charged to a definite potential and then 
discharged through an adjustable rheostat. 
When the condenser voltage has dropped 
to a certain value, in a time determined by 
the value of the resistance used, the x-ray 
circuit is opened through the control of the 
potential of a grid in a small thyratron 


16 To be published in the General Electric Review. 


One of these is a vacuum 
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tube. Where a relay is not objectionable, 
one may be added to the output circuit of 
the vacuum-tube time switch for special 
applications (Fig. 23). 

Another one is a synchronous motor 
driven time switch (Fig. 24), which is so 
designed that the exposure may be started 
on zero, and then, through grid control 
with thyratrons or pliotrons, stopped on 
zero after the desired number of current 
impulses. 

This form of time switch is particularly 
noteworthy for its high precision which is 
obtained through the use of the synchron- 


Fic. 24. Kearsley mechanical time switch. 
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ous motor and a positive gear drive from 
the motor,to the contacts. 

The switch is so designed as to have a 
tapered scale with widely spaced divisions 
below one second thus giving equal pre- 
cision in setting throughout the whole 
twenty-five second range. This makes ac- 
curate setting easier, and there is much 
less chance of error than where a double 
scale and selector switch are employed. 

An unusual feature of this switch is that 
the motor does not operate continuously 
but starts an instant before the exposure 
is to be made and stops when the control 
switch is released. This not only insures 
quietness when not in actual use but 
greatly reduces wear, and simplifies lubri- 
cation problems. 


In the preceding I have attempted to 
emphasize some of the fundamental prin 
ciples involved, in order to show why x-ray 
generating apparatus has its present limita 
tions and to indicate in a few cases how 


the capabilities of the apparatus may be 


increased in the future. 
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THE SYMPHYSIS PUBIS IN THE ROENTGEN EXAM- 
INATION OF THE SACROILIAC JOINT* 


By W. 
Prof SSO} of Medicine Radi l 


EDWARD CHAMBERLAIN, M.D. 


, Leland Stanford fFunior University, School of Medicine 


AN FRANCISCO, CALIFORNIA 


HE somewhat controversial subject of 
“sacroiliac slip” appears to owe its 
modern origin to Goldthwait and Osgood, 
who published in 1905 a most important 
contribution to this subject. Their paper 
entitled, ‘“A Consideration of the Pelvic 
Articulations from an Anatomical, Patho- 
logical and Clinical Standpoint’’? serves 
very well as a starting point for a modern 
study of this subject. In passing, however, 
it 1S interesting to follow Goldthwait and 


Osgood and go back a bit further to the 
paper of Snelling, published in 1 


7O, en- 
titled “Relaxation of the Pelvic Symphyses 
during Pregnancy and Parturition.’’* Ac- 
cording to Snelling, observations of this 
condition date back to the time of Hip- 


crates. 
The work of Goldthwait and Osgood in- 
cluded a thorough report of the literature, 


but they were unable to find any allusion 


1 affections of the pels 1 joints apart 


to suc 


from pregnancy. Their own work began 
with a consideration of these joints in 
connection with pregnancy. They later 
convinced themselves that certain cases 
occur, in the absence of pregnancy, 1n con- 


nection with menstruation, and finally they 


applied 
tions to explain certain cases of 


onsidera- 
low back 
and leg pain and disability, occurring both 
in men and in women. 


successfully the same 


Since the first report of Goldthwait and 
Osgood, much has been written upon this 
subject. Apparently the medical profession 
greeted enthusiastically this possible ex- 
planation for a large group of low back 
conditions, in which both diagnosis and 
treatment had been unsatisfactory. The 
diagnosis “sacroiliac slip’ came into vogue, 


with the almost unanimous consent of the 


Read at t ['wenty-t 1 Annual M American R 


ntgen Ray Society, Los Angeles, S 


Fifty- th Annual Meet California Medical Association, Coronado, May 6-9, 1929. 


orthopedists as well as the rest of the pro- 
fession. 

There has since been some reaction, so 
that today there are many physicians who 
either doubt the existence of such a thing 
as sacroiliac slip in any important number 
of patients, or frankly believe that such 
displacements are anatomically impossible. 
Roentgenologists have been particularly 
active in throwing doubt upon the existence 
of displacements of the sacroiliac joints, 
apart from the occasional gross dislocations 
in connection with severe injuries. The 
point of view of Baetjer and Waters may 
be taken as more or less typical. In their 
text, “Injuries and Diseases of the Bones 
and Joints,” 1921, written from the roent- 
genological viewpoint, they dismiss the 
whole subject of sacroiliac displacement or 
slip, in the following words: “The so-called 
sacroiliac subluxations, in the writers’ opin- 
ion, do not exist. The joint is of the saw- 
tooth variety and before a slipping could 
take place these saw tooth edges would 
have to be broken. These conditions must 
be ligamentous sprains.” 

Perhaps the tendency for roentgenolo- 
gists to discredit the diagnosis of sacro- 
iliac slip springs from repeated failure to 
demonstrate such displacements upon the 
roentgenogram even where the cases are 
clinically typical. 

In 1919, Dr. Thomas A. Stoddard of 
San Francisco, called my attention to the 
fact that while the usual roentgen exami- 
nation of the sacroiliac joints could be 
expected to show a considerable displace- 
ment in a longitudinal direction, displace- 
ments in a dorsoventral direction would be 
difficult to identify upon a roentgenogram, 
and rotatory displacements about a trans- 
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Fic. 1. Diagram of medial aspect of innominate 
bone. When sacroiliac joint motion occurs, it is 
rotatory, with axis of rotation within the joint. 
The pubis exhibits an excursion which is magnified 
in proportion to its distance from the axis of 
rotation. 


Fic. 2. This patient (see also Fig. 7) was suffering 
from a sacroiliac subluxation and relaxation. The 
roentgen appearance of the sacroiliac joints them- 
selves is not remarkable. But the left pubis is 
higher than the right, and there is an increase in 
the spacing between the pubes. 
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verse axis would, in all probability, never 
become apparent upon such roentgeno- 
grams. This idea resulted in a change in 
technique so that for the past ten years 
all roentgenograms of the sacroiliac region 
have been made so as to include the sym- 
physis pubis and entire pelvic brim in one 
stereoscopic examination. The result has 
been a most gratifying roentgen corrobora- 


Fic. 3. Photograph of patient in position for on 
the special anterior projections of th ysis 
pubis. Note Potter-Bucky diaphragm, and 3 inch 
steps, one of which has been removed from 
the left foot, leaving weight on the right | 


tion of the clinical concepts of Goldthwait 
and Osgood, and it is interesting to note 
that in their original paper they pointed 
out that motion in the sacroiliac joint, 
when it occurs, is rotatory about a trans 
verse axis normal to the articular surfaces. 

For the purpose of the roentgen study 
of the sacroiliac joint, let us conceive of 
the pelvic arch as the long arm of a kymo- 
graphic recorder, and the symphysis as 
its point, describing during any rotatory 
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sacroiliac displacement, a magnified stroke 
(see Fig. 1). This excursion of the pubis 
will be capable of demonstration upon the 
roentgenogram unless an exactly equal and 
symmetrical displacement in the other 
sacroiliac has resulted in both pubes rising 
or falling to the same extent. Naturally 
such an exactly equal and symmetrical 
displacement in the two sacroiliacs would 
hardly be the rule, so that we can expect 
to find in a majority of cases of sacroiliac 
displacement a difference in elevation of 
the pubes and an asymmetry of the pelvis 
(see Fig. 2). 

Shortly after our discovery that sacro- 
iliac joint motion could be thus demon- 
strated at the symphysis pubis, we de- 
veloped a technique for detecting and 
measuring the degree of movements of 
these joints with alternation of weight- 
bearing from one leg to the other. The 


Kic. 4. The special anterior projections in a normal 
male. Usually there is no measurable displacement 
in the normal male, but motion up to 0.5 mm. at 
the pubis is considered within normal limits. 


Kic. 5. The “special studies” in a normal female. 
Motion at the pubis in the female may be as much 
as I.§ mm., though I mm. is more usual. More 
than 2 mm. has invariably been accompanied by 
symptoms, in our experience, and more than I mm. 
may be significant. 
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Fic. 6. The special studies in a case of marked sac- 
roiliac joint relaxation. The patient’s weight is on 
the side which bears the “marker” or label. 


Fic. 7. This patient exhibited asymmetry and gap- 
ing at the symphysis even when lying supine 
(see Fig. 2), but the true condition, shown by the 
“special studies,” is relaxation, not “‘slip.” 


patient stands on a pair of steps or blocks, 
3 inches high, facing a vertically disposed 
Potter-Bucky diaphragm. With a properly 
centered beam and an 8’’X10” film, an 
anterior projection of the symphysis is ob- 
tained after the step has been removed 
from under the left foot (see Fig. 3). The 
lead marker, reading right, is placed on 
the right side. In the second picture, with 
weight bearing on the left leg, the marker, 
reading left, is placed on the left side. 

With this technique, we first studied 
normal individuals, with results as indi- 
cated in Figures 4 and 5. Normal move- 
ments measured at the pubes amount to 
from © to 0.5 mm. in the male, and from 
oO to I. mm. in the non-pregnant female.* 

* Very early in pregnancy the pelvic joints become relaxed, 
and there is reason to believe that some of the backaches of 
menstruation may be due to a temporary sacroiliac relaxation. 
Further studies are under way with reference to the possibility 


of roentgen demonstration of cyclic (menstrual) changes in the 
degree of motion of the female pelvic joints. 
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Fig. 8. Pelvis of Mrs. B. This film, part of a stereo- 
scopic study, shows elevation of right pubis due to 
rotation of right innominate bone. At the time this 
study was made, patient presented the typical 
clinical picture of “‘right sacroiliac slip.” 


In the ten years since the above de- 
scribed technique was adopted, we have 
found our most fruitful field in the realm 
of sacroiliac “‘relaxation”’ (see Figs. 6 and 
7), but occasionally we have been able to 
demonstrate what is apparently a fixed 
slip. Mrs. B. (Figs. 8 and 9) presented the 
painful picture of a right sacroiliac slip 
(in accordance with the clinical concepts of 
Goldthwait and Osgood). The roentgen ex- 
amination disclosed a right innominate bone 
rotation (right pubis higher than left). 
After manipulation and bed rest, all symp- 
toms subsided. Some months later this 
patient was brought back and examined 
again, and the innominate bones were 
found to be quite symmetrically disposed. 

At this point, attention is called to four 
important points: (1) In studying the pelvis 
for an asymmetry of the type illustrated 
in Figures 8 and 9g, the entire pelvic brim 
must be studied, stereoscopically. The 
pubes themselves are sometimes develop- 


DECEMBER, 1930 


mentally different from each other, and 
we have seen a hypertrophic arthritic 
change build up one pubic margin higher 
than the other. These local changes will 
not be confused with true innominate bone 
rotations if the observer will study, in the 
stereoscope, the symmetry or asymmetry 
of the brim of the pelvis as a whole. 

(2) We cannot claim to have proved 
that the so-called “‘slip” is the primary 
factor in the acute low back episode called 
“sacroiliac slip.” Our definite demonstra 
tion of innominate bone rotation in these 
cases could be equally well explained by 
assuming certain muscle spasms, pulling 
the rotated innominate bone from its usual 
position. No attempt is made, at the 
present time, to decide which is cause and 
which is effect. 

(3) In our own experience, the patient’s 
acute sacroiliac symptoms have almost in 
variably been on the side of the high pubis. 
In only about a tenth of the cases have they 


been on the side of the low pubis. In this 


Fic. 9. Same case as Figure 8. This study was mad 
at a time when the patient was free from sacroilia 
symptoms. Note the comparatively symmetrical 
pelvis. 
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Fic. 10. Tuberculosis of the symphysis pubis. This 
patient did not complain of any abnormal sensa- 
tions at the symphysis, but had all the symptoms 


of a “‘sacroiliac slip” on the side of the high pubis. 


connection, attention 1s called to the anat- 
omy of the ligaments of the sacroiliac joint. 
The strongest ligaments run in such a 
direction that the fibers are tightened when 
the pubis moves caudad and loosened when 
the innominate rotates in the opposite 
sensc. 

4) The ligaments at the symphysis pu 
bis may be of considerable importance to 
the stability of the sacroiliac joints. We 
have several cases which suggest that de- 
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structive joint disease at the symphysis 
produces its first and sometimes its only 
symptoms in the sacroiliac region (see 
Fig. 10).*f 

SUMMARY 


The ordinary roentgen examination of 
the sacroiliac region does not demonstrate 
the presence of sacroiliac relaxations or sub- 
luxations. For about ten years, we have 
successfully used the following technique 
for the demonstration of these conditions: 
Five films are exposed—a stereoscopic pair 
in posterior projection, patient supine on 
the Potter-Bucky diaphragm table, with 
film size and centering adjusted so as to 
include the symphysis pubis and the entire 
pelvic brim in the field; a lateral projection 
centered at the lumbrosacral junction; and 
two anterior projections of the symphysis 
pubis, patient standing, facing a vertical 
Potter-Bucky diaphragm, as illustrated in 
Figure 3, one film being made with the 
patient’s weight borne on the right leg, 
the other with his weight on the left leg. 

The above method of examination has 
served to successfully diagnose “‘sacroiliac 
slip” (innominate bone rotation with more 
or less fixation), and sacroiliac relaxation. 

* The author wishes to express his sincere thanks to Drs. 


Leonard W. Ely and Arthur L. Fisher, of the Department of 
Orthopedic Surgery, for their valued help and clinical advice. 
Dr. Ely recently called my attention to the work of Allen.! 
Apparently he has arrived, in 


lently, at a very similar 

technique for the roentgen examination of the sacroiliac region. 
+ In 1928, Dr. Sante,’ of St. Louis, who heard this paper read 

n September, 1922, wrote me that he had corroborated these 


concepts in a very large series of cases. 
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THE EFFECT OF PHRENICECTOMY ON PUL- 
MONARY CAVITATION 


By WALTER I. WERNER, M.D., and E. J. O’BRIEN, M.D. 


PONTIAC, MICHIGAN 


| i RECENT years pathologic anatomists 
and clinicians have pointed out the im- 
portant réle that cavities play in the prog- 
nosis of pulmonary tuberculosis. The clas- 
sical roentgen pictures of pulmonary cav- 
ities with their draining bronchus leading 
to the hilus, and fluid levels are described 
in any standard atlas of roentgenology. 
Rarefied areas in the center of infiltrations, 
and faintly outlined annular shadows, 
with few exceptions are now classified 
as cavities. In cases where the classical 
physical signs of cavity are absent the 
roentgenogram should be the deciding fac- 
tor. Various authors claim that from 5 to 
80 per cent of all pulmonary cavities in 
tuberculosis are silent. These silent cavities 
are of at least two kinds: (a) absolutely 
mute, that is, those which exhibit no ad- 
ventitious breath sounds at all, and (4) 
relatively silent, that is, those cavities 
which lack the classic cavernous signs but 
manifest other adventitious sounds such 
as bronchovesicular breathing and moist 
rales. The examination of the sputum for 
elastic fibers and tubercle bacilli is an aid 
in arriving at a diagnosis of cavitation. As 
the cavities diminish in size, the amount of 
sputum and number of tubercle bacilli de- 
crease, but when the cavities reopen or 
grow larger, both increase. Tubercle bacilli 
in the sputum in the presence of an annu- 
lar shadow in the roentgenogram, strength- 
ens the diagnosis of the latter as cavita- 
tion. Pinner, from histological studies and 
serial roentgenograms, has described three 
types of cavities. Roentgenologically, these 
three types are, briefly, as follows: (1) 
small, multiple cavities in densely infil- 
trated parenchyma, the roentgen appear- 
ance of which is frequently described as 
“moth eaten areas;” (2) sharply defined, 
almost completely round or slightly oval 
cavities, either with heavy perifocal infil- 
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tration or with thin, clearly defined bor- 
ders, and (3) irregularly shaped cavities 
with dense walls, often of grotesque shape 
with marked irregularities in the walls. 

Based upon the above classification a 
study of 200 cases of pulmonary tubercu- 
losis with cavities 3 cm. or larger in diame- 
ter, was made. One hundred cases received 
routine rest cure. In 75 of the other group 
only phrenicectomy was done, while it was 
performed as an accessory to artificial 
pneumothorax in 25. The object of this 
paper is to determine the influence of phren- 
icectomy on the pulmonary cavity. 

In the group of 100 cases which received 
no surgical treatment there were 66 cases 
with oval cavities and 34 with fibrotic 
walled cavities. Spontaneous closure of 
the cavities was observed in 14 
Serial roentgenograms revealed gradual 
shrinkage of the cavities to a small cloudy 
spot. These changes were accompanied by 
a decrease in the sputum and physical 
signs. Cavities 4 to 6 cm. in diameter 
have closed within a few weeks or months, 
only to reopen within a short period. The 
sputum was positive for tubercle bacilli in 
all of these cases. It became negative in 
12 cases where the cavities closed. The 
cavities reopened in 6 cases and the spu 
tum again became positive. The average 
stay in the sanatorium for these patients 
was three years. Forty per cent of these 
patients died during their stay in the hos- 
pital. 

Table 1 shows the fate of the cavities in 
the group of 100 patients who received 
routine rest cure. 

Phrenic exeresis should be done in tuber 
culous lesions requiring some form of col- 
lapse therapy but which are not considered 
sufficiently advanced for the use of arti- 
ficial pneumothorax. It should also be done 
before a lung having an extensive lesion is 


cases. 
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TABLE 
I Decreased Closed 
No. | Percent | No. | Percent | No. | Percent 
Thick walled (34 Is 44.0 17 | t0.0 2 5.8 


allowed to reéxpand after being kept down 
with pneumothorax for a period of years. 
In old fan-like mixed lesions at the apex, 
with or without cavity, that can rarely be 
controlled by pneumothorax, it is especially 
beneficial. In the thin-walled, infracla- 
vicular cavities (2-4 cm. in diameter) left 
after an exudative lesion has attempted to 
heal by excavation, phrenicectomy 1s in- 
dicated. Phrenic exeresis 1s used as an 
adjunct to pneumothorax when adhesions 
to the lateral wall or apex prevent proper 
collapse of cavities. It is also indicated as 
a preliminary measure to thoracoplasty. 


Patients who need thoracoplasty but are 
poor risks, often obtain sufficient improve- 
ment following the operation on the nerve 
to prolong life or ease symptoms such as 
persistent cough and fever. 

In the 100 cases in which the phrenic 
nerve was removed marked changes were 
observed in the roentgenograms. 
cavities 
phrenicectomy) treat- 


Table 1 shows the fate of the 
in the 100 surgically 
ed Cases. 

In the 
phrenicectomy 


group of 360 «cases where only 
there were 24 
cases with thin-walled cavities and 12 cases 


with early infiltrations 


Was de 


} 


and moth eaten 


areas. Of the former group the cavities 
closed in 16, contracted in 6 and grew 
larger in 2; while in the latter group all 


closed. The sputum was positive for tu- 


bercle bacilli before operation in 24 cases 
and negative in 12. It was negative in 32 
cases and remained positive in only 4 cases 
following the operation. 

In 9 cases in which pneumothorax had 
been attempted and failed on account of 
pleural adhesions, phrenicectomy was done. 
The cavities closed in 2 cases, contracted 
in 6 and remained unchanged in one. Tu- 
bercle bacilli were present in the sputum of 
8 cases and not demonstrable in one before 
the operation. After the operation the 
sputum became negative in 4 cases, re- 
maining positive in 4. 

Diaphragmatic paralysis was induced in 
23 cases that were under artificial pneumo- 
thorax compression, in order to release 
adhesions and bring about the closure of 
cavities. There was relaxation of the ad- 
hesions with closure of the cavities in 14 
cases, the cavities contracted in § and re- 
mained unchanged in 4. Tubercle bacilli 
were demonstrated in the sputum of all 
these cases before operation. It became 
negative in II cases after the operation. 
The phrenic nerve was removed in 2 cases 
during the reéxpansion of the lung. In 
these 2 cases it was easier for the reéx- 
panding lung to fill the chest completely, 
preventing a compensatory emphysema. 

On 30 patients the operation was done 
to be followed by thoracoplasty. In 4 
cases the cavities closed, decreased in 17, 


TaBLe II 
Larg Stationary Decreased Closed 
No. Per nt No. Per wn No. Per pais No. | Per cent 
Thin walled 67 1.4 26 38.8 a9) | 
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Cavities 
closed 


| Per cent 
Routine sanatorium care. Bed 


~ 


EMBER, 1920 
Taste III 
~ 
Cavities Cavities Cavities Sputum 
decreased increased closed and became 
in size in size reopened negatin 
Per cent Per cent Per cent Per cent 
61 2 


rest. 14 
Routine sanatorium care with 
phrenicectomy. 49 


remained unchanged in 4, and grew larger 
in 5. In all of these cases the sputum was 
positive for tubercle bacilli. It became 
negative in the 4 cases where the cavities 
closed. 

Table 11 presents a summary of the 
fate of the cavities in the group of cases 
that were treated with bed rest and the 
group of cases that were surgically treated. 

Since the occurrence of excavations in 
pulmonary tuberculosis points to an un- 
favorable prognosis, the figures presented 
of the results following phrenicectomy on 


Fic. 1. Case 1. November, 1926. Shows an ad- 
vanced tuberculous infiltration with cavitation in 
both apical regions. 


4--9 


cavitation have been very encouraging. It 
is not the object of this study to discuss 
the clinical course, prognosis and end 
results of these cases. Only the immediate 
effect of phrenicectomy on pulmonary cavi- 
tation is reported. 


CASE REPORTS 


Case 1. (Figs. 1, 2 and 3.) B. R., white 
female, aged twenty-six, admitted to the 
torium, November, 1923, with an advanced 
bilateral pulmonary tuberculosis with cavita 


tion. The sputum was heavily positive f 


Fic. 2. Case 1. August, 1928. Ther s been 
sorption of the perifocal inflammation with 
of the cavities. 
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Fic. 3. Case 1. August, 1929. The cavity in the left Fic. 5. Case 1. This roentgenogram was made five 

apical area has reopened. . days after the removal of the phrenic nerve. The 
left leaf of the diaphragm is elevated 4 cm., and 
there is marked contraction of the cavity. 


Kic. 4. Case 1. Shows an advanced tuberculous 
process of the exudative type involving the upper 
half of the left lung. There is a cavity 4cm.in Fic. 6. Case 1. The left hemidiaphragm is elevated 
diameter with much perifocal inflammation about 
it at the level of the second interspace. There is a 
small amount of fibrosis at the first and second 
interspace of the right lung. 


6 cm. and there is complete closure of the cavity. 
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Fic. 7. Case 11. Roentgenogram taken May 2, 
1929. There is an advanced tuberculous process, 
productive in type, involving the upper two-thirds 
of the left lung. A cavity measuring 3 cm. in 
diameter is present at the level of the second inter- 
space. The right lung is clear. 


Fic. 8. Case m1. Roentgenogram taken in Septem- 
ber, 1929. An artificial pneumothorax has been 
induced. Dense bands of adhesions in the apical 
region prevent closure of the cavity. 
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tubercle bacilli. Routine sanatorium rest cure 
was carried out for five years. She left the 
sanatorium in August, 1928; the cavitation had 
closed and sputum was negative for tubercle 
bacilli. Roentgenograms made in August, 
1929, revealed that the cavity in the left apex 
had reopened and the sputum was positive. 

Case ut. (Figs. 4, § and 6.) C. K., white 
male, aged thirty-three, admitted to the sana- 
torium in November, 1929, with an advanced 
pulmonary tuberculosis with cavitation of the 
left lung. The sputum was positive for tubercle 


Fic. 9. Case 11. Roentgenogram taken in Novem 
ber, 1929, after phrenicectomy. There has been 
relaxation of the adhesions with closure of the 


cavities. Sputum negative. 


bacilli. An attempt was made to induce an 
artificial pneumothorax, but was unsuccessful. 
The phrenic nerve was removed on April 10, 
1929, as a preliminary measure to thoraco 
plasty. One month after operation the cavity 
closed and the sputum became negative. All 
constitutional symptoms disappeared. 

Case 11. (Figs. 7, 8 and g.) E. K., white 
female, aged twenty-two, admitted to the sana- 
torium in May, 1929, with an advanced pul- 
monary tuberculosis with cavitation of the 
left lung. Sputum positive for tubercle bacilli. 
An artificial pneumothorax was induced but 
apical adhesions prevented closure of the 
cavities. A phrenicectomy was done on Sept. 
28, 1929, following which there was relaxation 
of the adhesions with closure of the cavity. 
Sputum became negative for tubercle bacilli. 
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THE ROENTGEN DIAGNOSIS OF CHRONIC 
APPEN DICITIS* 


By HENRY J. WALTON, M.D., and SAMUEL WEINSTEIN, M.D. 


BALTIMORE 

RESENT day diagnosis of chronic ap- 

pendicitis has attained a practical state 
of accuracy through the medium of the 
roentgen ray. In recent years, numerous 
articles have been written dealing with its 
merits and demerits, and it is the object 
of this paper to present our observations 
based on a series of 1000 consecutive gas- 
trointestinal examinations. 

Table 1 shows that out of 152 cases in 
which a diagnosis of chronic appendicitis 
was made, the appendix was visualized 
in 134. In 18 cases, we were unable to 
visualize the appendix at any time, but 
felt that a positive diagnosis of chronic 
appendicitis was justifiable. 

Until 1911, little mention was made of 
the visualization of the appendix roent- 
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genographically. This was probably due 
to the contrast meal in use at that time. 
With present day methods there is usually 
no difficulty in outlining the appendix. In 
our routine gastrointestinal work, we de- 
pend largely upon the roentgenoscope for 
determining the presence of any pathologi- 
cal condition in the appendix, using films 
chiefly to confirm the roentgenoscopic find- 
ings. We usually make several films of the 
stomach immediately following the first 
roentgenoscopic examination, and these are 
followed by six, eighteen and twenty-four 
hour films. When there is delayed empty- 
ing of the colon, forty-eight and seventy- 
two hour observations are made. This 
routine gastrointestinal examination is fre- 
quently followed by a barium enema. 


TABLE 


THE INCIDENCE OF THE VARIOUS TYPES OF GASTROINTESTINAL PATHOLOGY 


ENUMERATED 


IN THE ORDER OF THEIR FREQUENCY 


Number Percentage 
Negative findings, 22 22.0 
Chronic appendicitis 152 
Visceroptosis. 112 
Right upper quadrant pathology, including gall-bladder disease... .. 108 10.8 
Gastric carcinoma 78 
Gastric ulcer 76 7.6 
Colon stasis 69 6.9 
Duodenal ulcer <6 5.6 
Left and right lower quadrant adhesions 70 7.0 
Pylorospasm 16 1.6 
Colitis 10 1.0 
Diverticulitis 0.8 
Carcinoma of the cecum, ascending, descending and transverse colon| 7 O77 
Carcinoma of the sigmoid .| 6 0.6 
Cardiospasm 4 0.4 
Esophageal carcinoma 2 0.2 
Peritonitis with intestinal obstruction 2 0.2 
Carcinoma of the pancreas I O.1 
Carcinoma of the duodenum I O.I 
Tuberculous enteritis I O.1 
Gastric syphilis O.1 


a From the Roentgen Department of the Uni 


ersity of Maryland. 
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Since roentgenoscopy plays such an im- 
portant part inthe examination, we deem 
it expedient to list a few of the most com- 
mon observations. It is important to 
differentiate pain from discomfort caused 
by pressure. This can usually be deter- 
mined by comparing the left with the 
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is practically empty, deep palpation will 
give rise te no discomfort. 

It is not uncommon to have pain re- 
ferred to the upper abdomen simulating 
that caused by a gastric or duodenal ulcer 
if pressure is continued over the appendix. 
This is probably explained by the compli- 


right side. It is also essential to ascertain cated nervous mechanism in the splanch- 
whether the pain is constant, intermittent, nic area. 


TasB_e II 


THE DISTRIBUTION OF THE AGES, IN THE VARIOUS GROUPS AS WELL AS SEX, IS SHOWN 


Appendix Appendix not 
Age Number Visualized Visualized Male Female 
I to Io 6 4 2 2 
10 to 1s 2 I 
15 to 20 3 2 I 2 
20 to 30 38 34 4 1s 
30 to 40 §2 45 7 39 
40 to §o 30 27 3 18 2 
So and over 21 21 11 
152 134 18 87 


TaBLe III 


PERCENTAGE OF AGREEMENT BETWEEN THE ROENTGEN AND CLINICAL FINDINGS IN THE I§2 CASES 


Number Percent 

Pusan discharged with diagnosis of chronic appendicitis after a 

most careful clinical 86 56.6 
Patients operated upon and diagnosis of chronic appendicitis con- | 

Patients in whom the diagnosis was not confirmed either clinically, 

152 

or varies from day to day. Occasionally, In the series herewith presented, the 


patients will complain of pain over the ap- diagnoses were based on the following find 
pendix upon pressure the first day, but ings: 

the following day, deep palpation will 
cause no discomfort whatever. These ob- 
servations have been described by Bierman 
who attributes them to varying degrees of 
intracolonic pressure. When the cecum is 
full, and deep palpation 1 is made, there is Delayed emptying of the appendix 
immediately an increase in the intracolonic (48 or 72 hour residue after the cecum is 
pressure within the already distended ce- €™Ppty). 

cum. Increasing the distention in this man- A bulbous tip with a small lumen near 


A. Direct Evidence. 


A visualized appendix tender to pal- 
pation. 


ner gives rise to pain. When the cecum the cecum. 


| 
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4. A persistent angulation or kink in the 
appendix. 
5. Fixation of appendix by adhesions at 
a tip or throughout its entire length. 
. Filling of the appendix in parts or 


Presence of concretions. 


B. Indirect Evidence 


1. Ileal and 

2. Spasticity or atony of the cecum. 

3. Stasis in the cecum after the entire 
colon iS empty. 

4. Pylorospasm 


It is important to exclude, either by 
physical examination, or by roentgeno- 
grams, the following conditions that may 
simulate chronic appendicitis. 

1. Ovarian disease. 

oD Renal calculus. 
Sacroiliac strain. 


Psoas abscess. 


n+ 


Peptic ulcer. 
6. Gall-bladder pathology. 
lobar pneumonia, right base. 


In a number of cases, we were able not 
only to demonstrate an appendix which 
could account for the symptoms, but right 
upper quadrant pathology as well. That 
a definite relation exists between chronic 
appendicitis and upper abdominal path 
ology cannot be denied. Deaver and Rav 
din examined the appendices removed from 


76 cases of g rall bladder disease ana » CaSes 
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of gastric and duodenal ulcer. They found 
that the appendix was definitely diseased 
in go per cent of the gall-bladder cases and 
in 61 per cent of the ulcer cases. 

The routine gastrointestinal examination 
will occasionally fail to reveal positive evi- 
dence of a pathological appendix, even 
with a study of the colon after a barium 
enema. It is only after a most careful 
clinical study, including the history and 
physical examination in conjunction with 
the roentgen findings, that a positive diag- 
nosis can be made 


CONCLUSIONS 


1. Ina routine study of 1000 consecutive 
gastrointestinal examinations, there was 
roentgen evidence of a pathological appen- 
in instances, or 15.2 per cent. 

This diagnosis was confirmed either 
clinically or at operation in 133 cases, or 
57.5 per cent. 

The incidence of appendicitis was 
noted to be greatest between the ages of 
twenty and fifty years. 

4. Of the direct evidences, the visualized 
appendix which empties slowly and is per- 
sistently tender to palpation is the most 
common. 

5. Of the indirect evidences, the ileal 
and colonic stasis are the most common. 

An even greater percentage of correct 
diagnoses will be obtained if the clinical 
studies are closely correlated with the 
roentgen findings. 
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ROENTGEN-PHYSIOLOGICAL STUDIES ON THE 
GALL-BLADDER* 


EXPERIMENTS WITH LIPIODOL AND BROMINOL-LIGHT ON THE 
By ALLAN G. REWBRIDGE, M.D., 


DOG 
and BELA HALPERT, M.D. 


From the Department of Surgery and the Department of Pathology, University of Chicago 
CHICAGO, ILLINOIS 


b hwy content of the biliary vesicle may 
be rendered opaque to roentgen rays 
by a direct or an indirect method. The 
direct method consists of withdrawing and 
replacing the content of the gall-bladder 
by a radiopaque substance. The indirect 
method is that invented and perfected by 
Graham and his coworkers (1924).7"8 This 
consists of intravenous or oral administra- 
tion of a radiopaque substance which ap- 
pears in the bile and reaches the lumen of 
the gall-bladder per vias naturales. In- 
asmuch as the bile is resorbed faster than 
the radiopaque substance, the latter even- 
tually becomes concentrated enough to 
cast a shadow roentgenologically. 

The present studies are concerned with 
the direct method of visualization of the 
biliary vesicle, and were undertaken with 
the aim of evaluating the available data 
obtained by this method and of gaining 
further information regarding the mechan- 
ism of the function of the gall-bladder. 


HISTORICAL REMARKS 


Burckhardt and Miller (1921)° were the 
first to apply the direct method of visuali- 
zation of the gall-bladder in dogs and hu- 
man beings. In their preliminary studies 
on the cadaver they used collargol or air 
or both as contrast medium, and later 
either collargol or pyelon. They opened 
the abdomen and filled the gall-bladder 
with collargol in three dogs and with pye- 
lon in one. In two of the dogs whose gall- 
bladder was filled with collargol a shadow 
of the gall-bladder content was obtainable 
up to seventy-two and thirty-six hours 
respectively; the shadow persisted longer 
in the third dog in which previous to the 


* This work has been conducted under the joint auspices of the Douglas Smith Foundation for Medical Research and the 


Otho S. A. Sprague Memorial Institute. 


injection the cystic duct was ligated. The 
shadow produced by pyelon disappeared 
at about the forty-eighth hour following 
the injection. In one patient collargol 
and in another pyelon was injected into 
the gall-bladder under local anesthesia, 
and the roentgenographic findings were 
verified by a subsequent operation. In 
four more patients the procedure (with 
collargol) was applied under general an- 
esthesia. In two of these the procedure 

was unsuccessful, because of atrophy of 
the vesicle in one, and tumor in the other. 
In all of these patients laparotomy and 
radical operation followed the attempt of 
cholecystography. 

Abramson (1924)! injected sodium iodide 
or neosilvol (Parke-Davis), a silver-pro 
tein-iodide compound, into the gall-bladder 
of six dogs and studied the roentgen shad 
ows thus produced while the animals were 
recovering from anesthesia, after anesthe 
sia, and a number of days following the 
operation. Abramson made the following 
observations: (1) Spontaneous expulsion 
of about 3 c.c. of the content of the gall- 
bladder occurred in a dog which had been 
cholecystostomized five days previous to 
the observation and whose gall-bladder was 
visualized by the injection (through a tube) 
of 4 c.c. of a 150 per cent solution of sodium 
iodide. (2) By manual pressure on the 
abdominal wall the content of the gall 
bladder could be forced to leave the viscus. 
(3) Movements of the animal did not re- 
sult in expulsion of material from the gall 
bladder. 

Potter and Mann (1926)" filled the gall 
bladder of a dog through a cholecystos- 
tomy tube with “barium solution” and 
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observed spurts of opaque material pro- 
jecting from the neck of the viscus at inter- 
vals. 

Whitaker (1926)'* on introducing iodized 
oil into the gall-bladder of a dog observed 
the shadow of the opaque oil in the biliary 
ducts at intervals after ingestion of a meal 
rich in fat, and noted at the same time a 
marked decrease in size of the shadow 
thrown by the gall-bladder content. 

Whitaker and Boyden (1926)! injected 
iodized oil “into the fundus of the gall- 
bladder” and then fed “these animals” 
(cats?) with egg-yolk as soon as they had 
completely recovered from the operation. 
They thus made use of Boyden’s observa- 
tion® that a meal of egg-yolk and cream 
would cause the distended gall-bladder of a 
cat nearly to collapse within an hour and 
three-quarters, and of Whitaker’s method 
of visualizing the vesicle. On 
roentgenograms taken at frequent inter- 


biliary 


vals Whitaker and Boyden observed that 


the iodized oil entered the cystic duct, 
outlined the common bile duct and ap- 


peared in the small intestine in five, ten 
and fifteen minutes respectively, after feed- 
Whitaker!’ 


amplified these observations. In cats which 


ing. In a systematic study 


had fasted for at least twenty-four hours, 
he replaced the content of the gall-bladder 
with iodized oil aseptically. The animals 
were then kept deprived of food for from 
sixteen to thirty hours and then fed egg- 
yolk. Roentgenologic observations proved 
that under these conditions, itodized oil 
appeared in the biliary ducts and the duo- 
denum, while the shadow thrown by the 
content of the gall-bladder had decreased 
in size. Boyden,‘ working with the iodized 
oil method, observed that in cats a meal 
of egg-yolk, shaving of the leg of the ani- 
mal, or incision of the skin, or transfusion 
of blood from fasting animals, caused a 
definite extrusion of oil from the gall-blad- 
der; intravenous injection of barium chlo- 
ride, pituitrin or cholin hydrochloride caused 
expulsion of iodized oil into the common 
duct. He also found that intravenous in- 
jection of adrenalin chloride (Parke-Davis) 
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“causes a greater expulsion of iodized oil 
from the gall-bladder than any reagent 
hitherto employed.” 

Hamrick (1927)!° experimented on dogs. 
He fasted them for twenty-four hours pre- 
vious to operation, which consisted of with- 
drawing, by means of a syringe, a certain 
amount of bile from the gall-bladder and 
replacing it with the same amount of lipio- 
dol, using ether anesthesia and aseptic 
technique. The animals were fasted after 
the operation until observations were to 
be made. With one exception there was 
no evidence of emptying of the gall-blad- 
der during fasting, as a result of ordinary 
movements, or repeated firm external pres- 
sure over the area of the gall-bladder. 
Roentgenograms taken following vomiting 
or the act of defecation did not show emp- 
tying. Passage of a stomach tube, its manip- 
ulation and other maneuvers, as filling the 
stomach with air, and aspiration of the 
content, resulted in expulsion of material 
from the gall-bladder in a number of ani- 
mals. A feeding of 300 to 500 c.c. of egg-yolk 
and cream mixture was usually followed 
within from ten to forty-five minutes by 
the passage of opaque substance from the 
gall-bladder through the cystic and com- 
mon bile ducts into the duodenum. 

Ivy and Oldberg (1928)" filled the gall- 
bladders of ten dogs with from 15 to 20 
c.c. of lipiodol (after the same amount of 
bile had been withdrawn) under morphine- 
ether anesthesia and with aseptic tech- 
nique. The animals received no food. From 
eighteen to twenty-four hours after the 
operation, a purified preparation of secre- 
tin (which they called cholecystokinin) 
was injected intravenously every ten min- 
utes for one hour, and the effects studied 
on roentgenograms taken from two to ten 
minutes apart. These roentgenograms and 
subsequent necropsy findings showed that 
all but about 3 c.c. of lipiodol had been 
evacuated in three of the ten animals, 
about two-thirds in three, one-half in three 
and a small amount in one. 

Krause and Whitaker (1928)! used io- 
dized oil to visualize the gall-bladder in 
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their study of the effects of ingestion of 
various food substances upon the gall- 
bladder of the cat. 

Valdoni (1930)" introduced lipiodol into 
the gall-bladder of a cholecystostomized 
patient and noted the presence of radio- 
paque material in the biliary ducts and in 
the small intestine an hour later after the 
patient had taken a glass of milk. 

Birch and Boyden (1930)? employed the 
iodized oil method in their recent study of 
‘the reactions of the cat’s gall-bladder to 
faradic stimulation of the stomach, small 
intestine and cecum. 

Crandall (1930)° filled the gall-bladders 
of five dogs with brominol-light and ob- 
served a partial spontaneous emptying of 
the viscus within five hours, even though 
the animals were given nothing by mouth. 

As shown by the above brief review, 
Burckhardt and Miller were the pioneer 
workers in the field of cholecystography. 
Although they failed to develop the direct 
method for clinical use, they were the first 
to produce cholecystograms. The ambition 
of all the other investigators who applied 
the direct method, has been to visualize 
the gall-bladder in action. This review also 
enumerates the substances used for cho- 
lecystography and shows that lipiodol holds 
a popular place among them. Its high 
iodine content (about 40 per cent) makes 
lipiodol particularly useful in visualizing 
roentgenologically the course of ducts, bur- 
rowing sinuses, the position of cavities, 
etc. It is also an excellent medium for 
visualizing roentgenologically the depend- 
ent portion of the biliary vesicle. For the 
study of the finer mechanism of the gall- 
bladder, however, it is most unsuitable be- 
cause it does not mix with bile and both 
the specific gravity and viscosity are far 
greater than that of the ordinary content 
of the gall-bladder. Furthermore the shad- 
ow which it produces is too dense to per- 
mit the observation of any detail. Two 
more criticisms may justly be made of most 
of the above experiments. In the first 


place, it is practically certain that replace- 
ment of most of the content of the gall- 
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bladder with a heavy oil-like lipiodol must 
interfere with its normal function. The 
other is that fasting before and after opera- 
tion necessarily upsets all activities of the 
gastrointestinal tract, and therefore the re- 
sponses obtained under such circumstances 
can hardly be a measure for ordinary func- 
tions in the everyday life of an animal. 

In our experiments the amount of lipio- 
dol introduced into the gall-bladder was 
limited to 2 c.c. and the animals were re- 
turned after the operation to their usual 
environment and diet as soon as was prac- 
ticable. 

METHOD 

Twenty-six normal healthy dogs were 
laparotomized: 2 c.c. of lipiodol was in- 
troduced into the gall-bladders of twenty, 
and brominol-light into six of the dogs 
after 3 c.c. of bile had been withdrawn. 
Following the operation the animals were 
replaced in their usual environment, were 
offered their usual diet, and an accurate 
record kept of their feeding. Roentgeno- 
grams were taken six hours after opera 
tion and subsequently once daily until the 
shadow had vanished or remained station 
ary for several days. In the latter case, a 
meal, consisting of raw chopped meat and 
two eggs, was fed, and a roentgenogram 
taken three hours later and one the follow- 
ing day. 


EXPERIMENTS WITH LIPIODOL* 


According to the data charted in Table 
1, the shadow on the first films, 1.e., six 
hours after the operation, averaged about 
3.5 by 1.5 cm. (more accurately 3.36 by 
1.75 cm.). The shadow disappeared com 
pletely in three dogs by the end of the 
second day, in five dogs on the third and 
fourth days, in six between the fifth and 
tenth days and in one on the seventeenth 
day. In the remaining five dogs the shadow 
diminished to about 30 per cent of its 
original size, and remained nearly unal- 
tered until the experiment was concluded. 

* A brief summary of the results of these experiments was 


read (by title) at the Forty-sixth Session of the American Associ- 
ation of Anatomists.°® 
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TABLeE | 
EXPERIMENTS WITH LIPIODOL 
Size of shadow of gall-bladder content (in mm.) 
Dog Duration of | , Feeding record 
Six hours after ° At end of the 
experiment 
operation experiment 
in days 
L-9 (9.5 ke.) | 22x II I Ox | Ate regularly 
L-1 (ir kg.) | 48 x 20 2 Ox | Ate regularly 
kg. 25x16 2 | Ate regularly 
| 
L-3 12 kg JOXIS 3 | Oxo | Ate regularly 
in 11 kg 26X15 3 | Oxo | Ate regularly 
L-7 10 kg 25x18 3 > x | Ate regularly 
L-2 kg 48 x 16 4 Oxc | Ate regularly 
Lin] 8 kg I7X 15 4 | x Ate regularly 
| 
L-15 16 kg 45 x 16 5 x Ate regularly 
ba 11 kg 34X18 6 | x Ate irregularly 
L-5 12 kg 18 x 13 6 | >xC Ate irregularly 
hid 15 kg 68x 14 7 > x Ate irregularly 
L-6 22 kg. 2x 18 8 > x Ate irregularly 
6 kg 28x 1 8 10x 6 Ate regularly 
L.2 16 kg 26x 2 Ate regularly 
L-12 kg 3x2 16 | 8 x6 Ate regularly 
L-19 10 kg x I x Ate irregularly 
L-4 1s kg x 2 2 21x" Ate regularly 
L-1¢ 1s kg 4 Igx18 Ate regularly 
Br 13 kg 45x 26 6 | 18x12 Ate regularly 
This occurred on the eighth day after unaltered for seven days, at the end of 


operation in the case of one dog and from 
sixteen to twenty-six days in four other 
dogs. 

At necropsy oil was recovered in the 
of the 
shadow 


content of the gall-bladders of all 
five dogs in which the roentgen 
persisted, but droplets of oil were found 
also in the gall-bladders of some of those 


dogs in which the shadow had disappeared. 


EXPERIMENTS WITH BROMINOL-LIGHT 


According to the data charted in Table 11, 
the shadow on the first films, 1.e., six hours 
after the operation, averaged about 2.8 by 
The shadow disappeared completely 1n two 


2.1 cm. (more accurately 2.73 by 
] 


dogs by the end of the second, in two by the 
end of the fourth, and in one on the sixth 
day after the operation. One dog which 
refused food retained the shadow almost 


which time she died. 

At necropsy droplets of oil were found 
in the content of the gall-bladder in most 
of these dogs. 


COMMENT 


Both lipiodol and brominol-light sink to 
the bottom when mixed in vitro with bile. 
No tendency to go into solution was ob- 
served in mixtures that were allowed to 
stand for fourteen days at room tempera- 
ture. The viscosity of lipiodol is 90 com- 
pared with water, while that of bile from 
the gall-bladder averages about 2, and that 
of brominol-light 5 (Crandall).6 Due to 
their physical properties both lipiodol and 
brominol-light when introduced into the 
gall-bladder seek a position most dependent 
in the viscus. In fact it was noted in these 
experiments that if the gall-bladder was 
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tilted during the injection, in such manner 
that the orifice of the cystic duct was the 
lowermost point, the injected oil immedi- 
ately ran out of the duct. Because of the 
difference in their viscosity, one would 
expect the elimination of lipiodol to be a 
greater task for the gall-bladder than the 
evacuation of brominol-light. In fact, for 
the disappearance of the shadow of lipio- 
dol three to eight days were necessary in 
ten of the twenty dogs, and ten to seven- 
téen days in two. In 25 per cent of the 
dogs the shadow diminished to about 30 
per cent of its original size and remained 
nearly unaltered from eight to twenty- 
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SUMMARY AND CONCLUSIONS 
Twenty-six normal healthy dogs were 
laparotomized: 2 c.c. of lipiodol was intro- 
duced into the gall-bladders of twenty, 
and brominol-light into six of the dogs, 
after 3 c.c. of bile had been withdrawn. 
Following the operation the animals were 
replaced in their usual environment, and 
were offered their usual diet. Roentgeno- 
grams were taken six hours after the opera- 
tion and subsequently once daily until the 
shadow had vanished or remained sta- 
tionary for several days. In the latter 
case, a meal, consisting of raw chopped 


meat and two eggs, was fed, and a roent- 


TABLE II 


EXPERIMENTS WITH BROMINOL-LIGHT 


Size of of g: vall- bl: ler content (in mm.) 


Dog | Duration of Feeding reco 
Six hours Ate the 
| ix hou . after experiment At end of the 
operation 
| pe | in days | experiment 
| 
B-2 9 (12 kg.) | 28 x 21 2 Oxo Ate regularly 
B-4 @ (11 kg.) 28 x 20 2 | Oxo Ate regularly 
B-3 @ (10 kg.) 31 X 30 4 Oxo Ate regularly 
B-6 ¢@ (8 kg.) 26 x 23 4 oxo Ate regularly 
B-1 ¢ (15 kg.) 28 x 15 6 Oxo Ate re gularly 
B-5 @ (10 kg.) 23x 20 7 22 x 20 | Refused food. 


six days, in spite of several feedings with 
chopped meat and eggs. Brominol-light, 
on the other hand, was eliminated by the 
fourth day in four of the six dogs. 

From experiments with methylene blue 
it was learned that a more or less complete 
exchange of the content of the gall-bladder 
usually occurs in the dog within about 
twenty-four hours."* From the above ex- 
periments it seems probable that a com- 
plete evacuation of the biliary vesicle never 
takes place in the dog. It is reasonable to 
assume that the exit of lipiodol and bro- 
minol-light occurs spontaneously when the 
orifice of the cystic duct happens to be the 
lowermost point. In those dogs in which, 
for some reason or other, this does not 
happen, the lipiodol remains in the gall- 
bladder almost indefinitely. 


genogram taken three hours later and one 
the following day. 
In the experiments with lipiodol, the 
shane on the first films averaged about 
s by 1.5 cm. The shadow disappeared 
sia in three dogs by the end of the 
second day, in five dogs on the third and 
fourth days, in six between the fifth and 
tenth days, and in one on the seventeenth 
day. In the remaining five dogs the shadow 
diminished to about 30 per cent of its 
original size and remained nearly unaltered 
until the experiment was concluded, 1.e., 
eight to twenty-six days after operation. 
In the experiments with brominol-light, 
the shadows on the first films averaged 


about 2.8 by 2.1 cm. The shadow disap- 


peared completely by the fourth day in 
four of the six dogs. 


V 


n 
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At necropsy, droplets of lipiodol or bro- 
minol-light were found in the content of 
the gall-bladder in most of those dogs in 
which the shadow had disapperaed. 

The exit of lipiodol and brominol light 
occurred spontaneously whenever the ori- 
fice of the cystic duct became the lowermost 
point of the viscus. In dogs in which, for 
some reason or other, this did not happen, 
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lies on the Gall-Bladder 639 
the lipiodol remained in the gall-bladder 
almost indefinitely. 

The above observations justify the con- 
clusion that complete emptying of the dog’s 
gall-bladder does not occur with each meal; 
furthermore it seems probable that a com- 
plete evacuation of the biliary vesicle never 
takes place in the dog. 
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EXPERIMENTAL STUDIES ON TISSUE REACTION 
TO RADIATION USING A SEGMENT OF 
A GROWING MOUSE TAIL AS A 
BIOLOGICAL INDICATOR 
I. METHODS AND GENERAL REACTIONS* 
By HALSEY J. BAGG, Ph.D., and C. ROBERT HALTER, M.A. 


Douglas Research Laboratory, Memorial Hospital and Cornell University Medical Colt 


NEW YORK CITY 


HE effects of radiation have been meas- 

ured by various indicators. The chemi- 
cal changes produced in a photographic 
plate as a result of exposure to roentgen or 
radium radiation are well known. Changes 
occur when certain chemical solutions 
are exposed to various types of radiation. 
Seedlings, protozoa, eggs of Ascaris and 
Drosophila, tadpoles, etc., have been used 
as biological indicators. The well-known 
skin erythema reaction is used extensively 
as a clinical measure of roentgen rays 
and plays a similar réle in experimental 
biophysical investigations. 

The above reactions to irradiations 
cannot supplant the physical measure- 
ments which are based on ionization of air; 
still each method of determination has 
its own advantage. Certain unicellular 
forms and invertebrate ova can be obtained 
in almost unlimited quantities, yet there 
are facts concerning the biological response 
to radiation which these forms are not 
well adapted to bring out. It seems to us 
that the human skin erythema reaction 
more nearly meets the requirements as a 
practical clinical measure of irradiation, 
and yet here again the investigator 1s 
limited in the number of subjects, and to a 
certain degree the individual differences 
that occur in response to similar treat- 
ments make for an unavoidable error in 
calculation. 

We have attempted to study the useful- 
ness of a different form of tissue reaction 
to measure radiation effects. Our aim was 

* Read at the Fifteenth Annual Meeting, American Radium 
Society, Detroit, Mich., June 23-24, 1930. The investigation 
has been aided in part by a grant from the Committee on the 


Effects of Radiations upon Living Organisms of the National 
Research Council. 


to obtain an indicator relatively small in 
size, uniform in structure, mammalian, 
active in growth and easily obtainable in 
experimental laboratories throughout the 
year. It is desirable to employ a small 
volume of test tissue in order that the 
intensity of radiation be as uniform through- 


out the mass as possible. In the case of 


the skin erythema reaction the biological 
changes that are recorded occur in the tis 
sues mainly in a plane immediately below 
the treated surface. 


fi 12 13 14 15 17 18 1% 

Fic. 1. Top view of the large paraffin block used to 
hold the lead applicators in place. A. Lead bar 
into which the distal portion of the tail is placed. 
B. Shorter lead bar protecting proximal portion 
of tail. The area between these bars is occupied 
by a small paraffin block directly above the tail 
segment which is to be irradiated. C. Top view 
of one of the three rubber pillars used to support 
the shield on which the mouse is held. 
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It is the purpose of this paper to de- 
scribe a new method which satisfies the 
above criteria fairly well, to indicate the 
stages employed in its use, to give an 
account of the tissue reactions that occur, 
and to consider the usefulness of the method 
in different experimental procedures.* 

EXPERIMENTAL METHODS 

We used as our measure of biological 
response to irradiation, the tissue reac- 
tions that occur in a central segment of 
Fig. 


3). Animals seven, eight or nine days old 


the tail of a young mouse (see 


were selected, as within this group the 
tissues employed are essentially similar. 
Most of the animals were obtained from 
an inbred, homogeneous stock of albino 
mice that the senior author has had under 
observation for the last seventeen years. 
Lately we have found that a pigmented 
tail may also be used to advantage in this 
work, and here we have selected a strain of 
mice that have been 


so-called brow n 


Fic. 2. Top view of parafhin block showin 


x the lead 
shield in place, D, and the portion of the tail to 
be irradiated at E. 


~ aed time the writers wish to expr their thanks to 
Dr. Hay EF. Martin for hi gestions and active cooperation 
and interest throughout the course of the experiments, and to 
Dr. G, Failla and Mrs. Edith Quimby for their aid in the physi- 


Cai considerations inv Ived in the work, 
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Fic. 3. The young mouse is shown fastened to lead 
shield, F. The segment of the tail that was ir- 
radiated is shown at E. The small grooved paraffin 
block that fits over E of Figure 2, is shown at G. 
H. Small glass bulb which is placed in holder, I, 
and is used when a strong beta-ray radon exposure 
is given. The same bulb is placed in a brass ap- 
plicator, J, which is shown in a side view, and 
affords a filtration of 2 mm. of brass. K. A similar 
brass applicator which affords 1 mm. brass 
filtration. The wire rods run through the top of 
the two applicators respectively. They aid in 
handling the applicators and prevent the glass 
bulb from leaving the hollow center of J and K 
respectively. 


studied for nine years through twenty-two 
generations of pedigree breeding. 

The average length of the tail of an 
eight day mouse is 30 mm. in the albino 
stock and approximately 28 mm. in the 
colored mice. At this age the diameter of 
the tail, approximately 10 mm. from the 
tip, is 1. mm. The radiation was applied 
at that portion of the tail where the 
diameter was I.5 mm. A segment 5 to 
7 mm. long was treated, or approximately 
a volume of 9 to 12 cubic millimeters. In 
order to shield the body of the animal 
and the distal and proximal regions of the 
tail, these regions were protected by lead. 
The tail was “threaded’’ through holes 
that were drilled in rectangular bars of 
lead (see “A” and “B”’, Fig. 1). These 
bars were 5X5 mm. at the ends and 20 
and 8 mm. long respectively. The shorter 
piece fitted over the proximal portion of 
the tail and the distal region was covered 


‘ 
d 
K 
a 
| 
% 
Ny 
= 
ay: 
D 
| 


642 


by the longer one. The extent of the seg- 
ment of the tail to be irradiated was deter- 
mined by moving apart the lead bars to 
the desired distance. The hole in the lead 
through which the tail fitted was drilled 
acentrically so that the dorsal portion of 
the tail was protected by 3 mm. of this 
metal. The lead bars were held in place by 
sinking them in a block of paraffin 105 
X105 X 95 mm., as shown in Figure 1. 
A portion of one corner of the block was cut 
away to allow for the placement of the body. 

The steps in the procedure incident to 
irradiating the tail are as follows. The 
mouse was placed on its back on a lead 
shield 55X55 mm. and 7 mm. thick, and 
was held in place by sling-like fastenings 
of adhesive strips which passed around 
its body and held it firmly to the lead block 
with its tail protruding from one edge 
(see “FE”, Fig. 3). The mouse was ad- 
justed so that the movement of the tail 
in an anteroposterior direction was reduced 
to a negligible quantity, and still the animal 
was not restricted in its breathing and 
remained in place without discomfort. The 
tail was then “threaded” into the two lead 
bars described above, and the shield hold- 
ing the mouse was placed on the three 
rubber pillars (sections of rubber stoppers 
cut to the proper height). Proper align- 
ment of the lead shield on which the mouse 
was fixed and the lead bars into which the 
tail fitted was effected by a notch in the 
smaller lead bar which fitted into a similar 
notch in the lead shield cut just below 
that portion which shielded the proximal 
region of the tail. At this step in the pro- 
cedure an extra block of lead was placed 
above the shield to still further protect the 
animal. The block had the same surface 
dimensions as the one on which the body 
was held, but was 13 mm. thick. The body 
was thus protected by 20 mm. of lead. 
The stage which the procedure has now 
reached is illustrated in Figure 2. 

The next step was to cover the exposed 
segment of the tail, which was so placed 
that its dorsal surface was uppermost, 
with a small block of paraffin which fitted 
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snugly into the space between the two lead 
bars. It.:was grooved and the upper one- 
half of the tail fitted into it. The thickness 
of the paraffin, from that portion which 
rested on the dorsal surface of the tail to 
the bottom of a radium applicator, varied 
with different applicators and its thickness 
determined the desired distance factor 
in the experimental set-up. This block 
had to be measured and replaced from time 
to time, as prolonged, intense irradiation 
tended to make it brittle and easily broken. 
The source of radiation was placed directly 
above the small parafin block. When 
roentgen rays were used, the thickness of 
parafiin above the dorsal surface of the 
portion of the tail irradiated was 2.5 

The irradiated tail segment was thus 
surrounded above, below (a was 
cut in the paraffin at its ventral surface 
similar to the one at the dorsal surface 
and to the sides by paraffin, which it was 
expected would give a “‘scattering”’ effect 
in addition to the primary radiation which 
reached the tail. This scattering effect 
might be expected to simulate the scatter 
ing produced in tissues when treated by 
radiation. No attempt was made to pre 
vent secondary radiation, from the ends 
of the lead bars, etc., from reaching the 
irradiated segment of the tail. 
this factor remained constant. 

After the tail was irradiated, the small 
paraffin block was removed and a small 
mark of red ink was placed on that portion 
of the tail which was directly below the 
center of the source of radiation. The 
animal was then removed and the length of 
the tail recorded, from tip to anal margin. 

The diameter of the tail at the red mark 
was also recorded, as well as the distance 
of the red mark to the tip of the tail. The 
mouse was given a catalog number which 
corresponded to identification marks cut 
in one or both ears, and it was returned to 
its nest cage. 


mr) 


groove 
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GROSS ANATOMICAL CONSIDERATIONS 


The tail of a young mouse is covered with 
soft, short hairs evenly distributed over 
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its entire surface. There is a regular 
annular arrangement of fine imbricating 
scales covering the entire tail. There are 
dorsal, lateral and ventral blood vessels, 
compact longitudinal bands of muscle 
and tendon fibers surrounding the tail 
vertebrae, which incloses the nerve cord. 
The ventral surface of the tail is slightly 
flattened. 


DESCRIPTION OF TYPICAL, GROSS PATHO- 
LOGICAL CHANGES THAT 


EXPOSURE 


FOLLOW 
TO RADIATION 

Let us consider what takes place when a 
tail segment, 5 mm. in length, is irradiated 
following the preliminary technique de- 
scribed above. If a so-called silver tube 
containing radon is to be used at a 
mm. from the 
dorsal surface of the tail, the distance is 
calculated 


desired distance of 3.5 
the center of the 
section diameter of the silver tube, 


from cross- 
which 
is approximately at the center of the 
source of radiation. The thickness of the 
parafin block above the tail segment 
would then be 2.5 mm. (o.§ mm. for one- 
half the internal diameter of the silver 
tube plus 0.5 mm. for the wall thickness, 
plus 2.5 mm. of paraffin, equals 3.5 

The silver tube is 16 mm. long. Its mid- 
point is placed on paraffin 
block directly over the center of the tail 
segment and at right angles to the long 
axis of the tail. 

In the experiment about to be described 
silver radon tubes were used, the initial 
strength of which varied from 116 to 130 


mm.). 


1 
the small 


mc. when they were applied to a series of 
eight tails. The distance was 3.5 mm. and 
to 250 millicurie- 
hours. The tails were examined each day 
after the treatment. 


the doses varied from 1 


and 20 
) appreci- 
able reaction up to twenty-five days when 
the animals were killed and the tails re- 
moved for photographing (see Nos. 11 and 
10 of Fig. 4 respectively). 

With a dose of 4 


Doses of 1 
me-hr. respectively resulted in n 


me-hr. the initial re- 
action was a slight desquamation of the 
skin over the dorsal portion of the irradi- 
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ated area with slight epilation. This was 
noted on the twelfth day post treatment. 
The epilation was confined to the dorsal 
surface and persisted until the animal 
was killed (see No. 9, Fig. 4). The mag- 
nification of the photograph is not suffi- 
ciently great to show the epilation. 


Eight irradiated tails and three controls are 
They were removed from the re- 
spective animals twenty-five days post treatment. 
Treatments: 10 to 250 me-hr. respectively; 
filtration 0.5 mm. silver; distance 3.25 mm.; 116 
to 130 me. of radon used. Animal No. 11 =10 mc- 
hr.; No. 10=20 mc-hr.; No. g=40 mc-hr.; Nos. 
12 and 22=63 mc-hr. each; No. 21=80 mc-hr.; 
No. 37 =100 mc-hr.; No. 38 =250 mec-hr.; gc and 
12¢c are tails of control animals, litter mates of 
animals g to 12 inclusive, killed when the same 
age; 37C is a similar control for No. 37. 


Fic. 4. 
here shown. 


A dose of 63 mc-hr. was given to each of 
two animals, and 80 mc-hr. to another. 
In each instance the initial reaction was a 
slight dorsal epilation, noted nine days 
post treatment. This became more pro- 
nounced and resulted in a complete epil- 
ation of the dorsal surface of the irradiated 
tail segment. The tails of these three 
animals are shown in Nos. 12, 22 and 21 
of Figure 4. Note the progressive arrest 
in tail length with increasing doses. 
The epilated areas show fairly well in Nos. 
22 and 21. 

A much more pronounced reaction fol- 
lows as a result of an irradiation of 100 
me-hr., as shown in another treated 
animal, No. 37 of Figure 4. The initial 
reaction, desquamation and epilation over 
the irradiated segment, was noted at about 
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the same relative time post treatment as 
was recorded for the lower doses, yet the 
reaction was progressive and the tail was 
spontaneously amputated at the irradiat- 
ed area on the eighteenth day. 

An increase in dosage to 250 mc-hr. 
gives essentially the same result as the one 
just recorded, but the initial reaction was 
noted one day sooner and spontaneous 
amputation likewise occurred a day earlier, 
on the seventeenth day post treatment 
(see No. 38, Fig. 4). 

Let us again consider the tissue reactions 
that result from placing the so-called bulb 
applicator directly on the surface of a seg- 
ment of the mouse’s tail. The glass bulb in 
which the radon is confined is shown at 
“H” of Figure 3. The steel holder in 
which the bulb is placed is illustrated at 
“1”. The glass bulbs average approx- 
imately 3.5 mm. in outside diameter; so 
the center of the source of radiation is at 

approximately 1.75 mm. from the dorsal 
surface of the tail. The bulb touches the 
dorsal surface at one place very lightly. 


As no metal filters are used, the type of 


tissue reaction that results is mainly due 
to beta radiation. 

In the experiment about to be described 
radon bulbs were used, the initial strength 
of which varied from approximately 5 to 
over 500 mc.! when they were applied to a 
series of 51 tails. The doses varied from 
§ to 404 mc-min. Doses of 5 and 5.5 and 
25 mc-min. respectively gave no apparent 
reaction. One dose of 30 mc-min. resulted 
in a temporary epilation, mainly of the 


dorsal surface of the tail. The center of 


the epilated area was immediately adjacent 
to the point of application of the radon 
bulb. Fora graphic representation of this 
experiment see Fi igure S$, also Table 1. 

A dose of 50 mc-min. is apparently close 
to the threshold dosage between temporary 
and permanent dorsal epilation. We have 
now apparently reached a plateau on what 
might be called the reaction curve, as 
is shown in Figure 5. Doses from 50 to 
75 me- min. give approximately the same 
tissue reaction, permanent dorsal epilation, 
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over a period of thirty-seven days post 
treatment, at which time the observations 
were terminated. The uniformity in re- 
action was surprisingly regular. Given the 
details of the experimental set-up, type of 
applicator,distance factor,etc., one can pre- 
dict from an examination of the treated 
tails alone that the treatments had ranged 
over a definite span of the reaction curve. 
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Fic. 5. This is a graphic presentation of the tissue 
reactions to radiation as shown in an irradiat 
segment of the tail of a young mouse. Applicator 
used—radon bulb directly on dorsal surface of a 


5 mm. segment of the tail. No filter used. X, 
Dosages tested; for number of animals in 


group, see Table 1. The sketches show typi 


reactions of the tails for various locations on the 
curve, 
Doses between 50 and 75 mc-min. do not 


sufficiently irradiate the tail to cause an 
epilation of the ventral surface of the 
treated segment. A sketch of the side view 
of this tail reaction is shown in the lower 
drawing in Figure 5. This type of reaction 
is to be expected, because the tissue 
response resulted largely from  beta-ray 
radiation, which was mainly em ploy ed in 
this particular experiment. Quin ' has 


shown that approximately 84 per cent of 


the beta-ray activity is absorbed by 2 mm 
of tissue. Also as the source of radiation 
was close to the dorsal surface of the tail, 
even the slight difference in distance of the 
dorsal and ventral tail surfaces respectively 
from the center of the source of radiation, 
resulted in the ventral surface receiving less 
effective irradiation than the dorsal surface. 
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TABLE I 


Summary showing the serial number of the mouse, 


the dosage in mc-min., and the tissue reaction 
following the mainly beta-ray radiation from un- 
sItered radon bulb placed directly on the dorsal 
te 
surface of a segment of the tail of a young mouse.! 
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When the dosage is increased from 100 
to nearly 150 mc-min. the reaction curve 
rises to another plateau. At 100 mc-min., 
in addition to the permanent dorsal epi- 
lation reaction noted for the lower doses, 
there was a temporary epilation of the 
ventral surface as well. This tissue reac- 
tion is specified in Figure 5 as “annular 
epilation with temporary epilation of the 
ventral surface.” 

The dose of 150 mc-min. represents a 
critical point in the reaction curve of this 
particular experiment. Eight tails treated 
with this dose showed temporary annular 
epilation on the ventral surface. Seven 
other tails treated with the same dosage 
showed complete, permanent, annular epi- 
lation. This tissue reaction marks another 
point on the reaction curve. Two other 
tails were still more severely affected by 
this same dosage and were spontaneously 
amputated fifteen and twenty-four days 
post treatment respectively. 

In the 12 instances tested, doses of 
200 mc-min. and over invariably resulted 
in the spontaneous amputation of the tail 
at the irradiated segment. 


SUMMARY OF CHANGES 
4 RESULT OF 


THAT OCCUR AS 
EXPOSURE TO VARIOUS 
TYPES OF RADIATION 


The following reactions are given in se- 
quence of time of appearance after treat- 
ment, but they do not necessarily all appear 
after every exposure: 

1. Erythema: Occasionally noted in 
gamma and roentgen radiation, but found 
uniformly as an initial reaction to strong 
beta radiation. 

2. Slight dorsal epilation of tail segment. 

3. Slight epilation all surfaces of tail 
segment. 

4. Epilation and desquamation, dorsal 
surface. 

5. Ulceration. 

6. Temporary epilation: This reaction 
usually follows moderate gamma radiation. 

7. Permanent epilation. 

(a) Dorsal only. 
(2) All surfaces. 
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8. Constriction of tail at irradiated seg- 
ment with epilation. 

g. Dry gangrene of tail from irradiated 
segment to distal end. 

10. Spontaneous amputation of tail. 


ADVANTAGE OF A GRADED BIOLOGICAL 
INDICATOR IN DETERMINING MORE 
CLOSELY THE REACTION 
THRESHOLD 


It seems to us that the reaction of the tail 
segment of a young mouse as recorded in 
this paper, affords a fairly accurate guide 
in estimating the biological response to 
irradiation, and it certainly is a type of 
indicator more nearly applicable to com- 
parison with clinical studies of this nature. 
The divisions on the scale, as it were, are 
more finely divided. 

It is possible to deliver a dose, by the 
methods we have employed, that will 
produce an epilation of just the dorsal 
surface of the tail, or if a stronger and more 
heavily filtered dose is given, an epilation 
effect which covers the entire irradiated 
segment. There is a plateau in the reaction 
curve which corresponds to a range of 
doses which will produce either one of the 
types of reaction just mentioned. One can 
use dosages as experimental measures at 
either end of this plateau. 

At the end of the plateau representing 
the reaction to the stronger dosages a slight 
increase in the dose will lead from an epi- 
lation reaction to a spontaneous ampu- 
tation of the tail. There is apparently a 
critical threshold point where the tissues of 
the tail can tolerate no further increase in 
the dosage, and this probably is correlated 
with a breakdown in the circulatory sup- 
ply. 

The experiments we have just recorded 
were taken merely to illustrate the general 
usefulness of the new biological measure 
we are using in this type of study. We 
have found the method well adapted to an 
experimental study of the effect of varying 
the distance, filtration, intensity of ir- 
radiation either from radium or roentgen 
radiation, etc. The experiments are still 
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in the course of study and will be reported 
at a later date. 
CONCLUSIONS 

A 5 to 7 millimeter segment of the 
tail of a young mouse (approximately 9 to 
12 cubic millimeters of tissue) can be used 
to advantage as a measure of the biological 
effects of irradiation. 

The degree of irradiation effect may 
be measured in terms of epilation disturb- 
ance, in retardation in the growth of the 
tail, or in the spontaneous amputation re- 
action. 
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DISCUSSION 


Dr. H. J. Uttmann, Santa Barbara, Calif. 
This paper covers, as Dr. Bagg said, quite a 
large field. I hope that he will correlate these 
reactions with the human skin erythema dose of 
radium and also with the roentgen-ray skin 
dose, thus making the method clinically useful. 
Dr. Bagg spoke of extending the exposure over 
a period of two weeks. This would hardly 
allel clinical practice, for it would be practically 
equivalent to ten months on man. One hour 
on a mouse is equivalent to from twenty to 
twenty-five hours on a human being. I think 
this should be taken into consideration, and I 
wish to ask Dr. Bagg whether they have con- 
sidered it or are going to do so. 

Dr. W. S. Newcomer, Philadelphia. This 
paper is interesting to me because last year I 
saw a child who had been irradiated for sar 
coma of the hip at the age of about three or 
four. She is now about seventeen and one side 
of her pelvis and one leg shows a growth of four 
or five years, while the other side of the leg and 
the remaining portion of the pelvis shows nor 
mal development. 

This paper is also interesting in connection 
with angioma. I have seen a number of cases 
that were treated and have seen the patients 
afterward. These children are treated at an 
early age and the pictures show splendid re 
sults a year or so afterward. The lips seem well 
balanced and in good condition at that time, 
but I have seen two patients after they had 
reached the age of seventeen or ei 
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then the lips looked very bad because of tre- 
mendous atrophy over the treated area. At 
first | was inclined to think that this was due 
to the fact that all the tissue was adenomatous, 
and not until I saw the hip case did I realize 


the enormous atrophy that must follow radia 
tion therapy afte r the patients begin to grow. 
Dr. E. H. Skinner, Kansas City, Mo. I 


think it would be well to add a testimony upon 
the same complication mentioned by Dr. New 
comet. 


| believe it behoove us to be extremely care- 
ful with radium therapy before the dy has 
achieved growth. I attack these angiomata of 


the face and chest with great hesitancy, only 
repeating treatments at intervals « f months 
to one year, because of the atrophy that will 
follow [ had a case presented some years ago 
of a young girl with a lump in the breast. The 
urgeon advised radium therapy but | refused 
to ¢ € t be iu | re alized that when the 
oir] i wn the would be asym1 v of the 
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breasts, and they would not congratulate me 
on having the growth controlled by radiation. 
I think we should be very careful of any ther- 
apy that has an influence on growing tissue 
even though it may be relieving temporarily a 
lesion which is unsightly. 

Dr. Bace (closing). Dr. Ullmann brought 
up the question of correlating our work with 
the skin erythema dosage. We intend to do 
that and will take the matter up. We were in- 
terested in the prolonged dosage Dr. Ullmann 
spoke of, and intend to see the comparative 
reactions. We will have to consider the ques- 
tion of one to twenty-five in comparing the 
mouse with the human in reaction to radiation. 

I was particularly interested that the last two 
speakers mentioned the question of tissue re- 
action compared with the age of the patient. 
That was one reason we wished to use an in- 
dicator of mammalian origin, for we think that 
has advantage over the use of invertebrate 
material. 
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BLOOD CHANGES IN THE LEUCEMIAS AND THE 
LYMPHOMATA AND THEIR BEARING ON 
ROENTGEN THERAPY* 


By RAPHAEL ISAACS, M.A., M.D. 
From the Thomas Henry Simpson Memorial Institute for Medical 
Research, of the University of Michigan 
ANN ARBOR, MICHIGAN 


ERTAIN questions in connection with 

the effect of roentgen rays on the 
blood, especially with reference to leucemia 
and diseases of the blood-forming organs 
(bone marrow, lymphatic tissue) have 
come up frequently and the answers have 
been either vague or contradictory. Is 
anemia a contraindication to roentgen 
therapy; are small doses repeated at many 
intervals better or worse than large doses 
at one time; is a low leucocyte count a 
contraindication to roentgen therapy; what 


significance does the total number of 


leucocytes or blood platelets have; what 
data can be derived from the study of the 
types of red or white blood cells (differen- 
tial count); what is the difference in the 
blood in a leucemia patient who responds 
to treatment and one who does not; what 
other aids are there in controlling the 
application of roentgen therapy in the 
treatment of diseases of the blood and 
blood-forming organs; what clue does the 
peripheral blood count give to the state 
of the blood-forming and blood-destroying 
organs? 

To answer these questions and to under- 
stand the action of roentgen rays on the 
blood, it is important to review the de- 
velopment of the blood cells, their mode 
and place of growth and maturation, and 
their fate. 

MATERIAL 


The conclusions in the present paper are 
based on a study of the patients them- 
selves or the records of 155 cases of lym- 
phatic leucemia, 166 cases of myelogenous 
leucemia, 477 cases of lymphoblastoma 
studied at the Huntington Memorial Hos- 
pital of Harvard University, Boston,?!°-1!-? 


and the study of 55 patients with various 
types of leucemia and 25 with lympho- 
blastoma at the University Hospital and 
the Simpson Memorial Institute at Ann 
Arbor, Michigan. The former (Boston) 
groups were treated on the basis of the 
maximum desirable dose of roentgen rays 
within three or four days, whereas the 
latter (Ann Arbor) group was treated by 
various methods, many patients receiving 
comparatively small doses repeated at cer 
tain intervals. 

Blood studies were made before and af- 
ter treatment, occasionally with many ob 
servations at short intervals, taken over 
long periods of time. Early changes are 
often overlooked if the blood 1s not studied 
before and soon after exposure. 


BONE MARROW LEUCOCYTES, 


POLYMORPHONUCLEAR CELLS 


Of the cells which grow in the bone mar 
row, the youngest stage seen in the blood 
under pathologic conditions is the primi 
tive myeloblast (Fig. 1). In the 
than a red blood cell and resembles a 
lymphocyte in certain superficial aspects. 
This cell normally grows larger and be 


comes a myeloblast. The next stage is the 


myelocyte, the largest cell of the series. 
The myelocyte shrinks and forms the 
metamyelocyte, and as the shrinking 
process continues, the nucleus becomes in 


dented, and finally distinct lobes appear 


and the cell is a polymorphonuclear leuco 
cyte (Fig. 1). The myeloblasts and primi 


tive myeloblasts have the power to divide 
and produce new myeloblasts, or to mature 


and produce adult polymorphonuclear leu 


* Read at the Thirty-first Annual Meeting, American Roentgen Ray Society, West Baden, Ind., Sept. 23-26, 1930. 
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bone 


marrow this is a small cell, slightly larger 


\ 
I 
| | 
| 


VoL. No. 6 


cocytes. When any cell of the bone mar- 
row is stimulated it does one of two things: 
it may divide and reproduce rapidly (mye- 
loblasts and primitive myeloblasts) or it 
may run through the rest of the stages of 
maturation and become an adult cell. When 
a person is exposed to roentgen rays, his 
myeloblasts reproduce more myeloblasts 
fan undesirable effect) and his myelo- 
cytes mature to polymorphonuclear leuco- 
\ a desirable effect). This is readily 
seen when careful blood studies are made at 


cytes 
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depress,” in reality, all doses are stimulat- 
ing, the larger doses, however, causing such 
a rapid rate of growth that the normal 
end is soon reached, and the cellular ac- 
tivities then appear to be ‘“‘depressed.”’ 
The maturation stimulating effect of roent- 
gen irradiation is shown in several ways. 
Young cells stained, while living, with Janus 
green and neutral red, show more granules 
stained with the former than with the lat- 
ter. In older cells the neutral red granules 
predominate. In cells exposed to roentgen 


PRIMITIVE MYELOBLAST. 
MYELOBLAST 
RED C&LL 
YOUNG FOLY 
Fic. 1. Stages in the development of th 


blood of a patient with chronic myelog 


$1Zes. 


frequent intervals before and after roentgen 
treatment. 

In chronic myelogenous leucemia there 
is a delay in the maturation process, and 
cells enter the blood stream or accumulate 
in the peripheral organs in an immature 
state. In acute myelogenous leucemia, and 
in the terminal stages of chronic myelog- 
enous leucemia, the bulk of the cells are 
in the myeloblast and primitive myelo- 


blast stages. 


MODE OF ACTION OF ROENTGEN 

RAYS 

While it has generally been considered 
that ‘‘small doses stimulate and large doses 


MYELOCY TE 


POLYMORFPHONUCLEAR 


METAMYELOCY TES 


LEUCOCY TES 


polymorphonuclear leucocyte. Drawn on the same scale, from the 
yus leucemia. 


A red blood cell is shown to indicate the relative 


rays, and stained supravitally with Janus 
green and neutral red, the granules stained 
with the latter dye increase in number 
and the Janus green granules decrease.’® 
This indicates that the cells grow older 
rapidly when exposed to the effects of 
radiation therapy. 

A second phenomenon which indicates 
that the effect of roentgen irradiation is to 
cause the blood cells to mature and to die 
of senility or be disposed of as mature cells 
normally are, instead of being “killed” by 
the therapy, is shown in the evidence ob- 
tained from a study of the saliva. Nor- 
mally when a polymorphonuclear leucocyte 
matures and runs through its life course it 


| 


650 Raphael Isaacs 


reaches the capillaries of the mucous mem- 
branes of the gastrointestinal tract, es- 
pecially the mouth, and works its way 
through the lining into the mouth cavity 
by its own powers of locomotion.’ The 
myeloblasts and myelocytes cannot do 
this, so they accumulate in the blood 
stream, when, under abnormal conditions 
as in myelogenous leucemia, they enter the 
peripheral circulation, and they are re- 
moved only when they mature or die. As 
soon as a myelocyte matures into a meta- 
myelocyte and young polymorphonuclear 
leucocyte it has the power of invading the 
mucous membrane (diapedesis, leucopede- 
sis). In a normal person about 5 to 150 
leucocytes per cubic millimeter are washed 
up by the saliva as it bathes the mucous 
membranes.® After roentgen therapy (can- 
cer; leucemia; normal animals) the number 
increases in the saliva, reaching 10,000 per 
cubic millimeter or more, especially in 
chronic myelogenous leucemia.® This in- 
dicates that following the treatment, in- 
creased numbers of immature cells are 
stimulated to become mature enough to 
wander through the mucous membranes. 
There is first an increase in the blood count 
after therapy, then the number of cells 
decreases in the peripheral circulation, and 
the white blood cell count approaches 
nearer normal, with a decrease in the num- 
ber of immature cells (myelocytes and 
metamyelocytes).'* However the number 
of myeloblasts may not be reduced, and at 
times is increased. They have not been 
stimulated to mature, but to divide and 
reproduce. This may not be evident in the 
peripheral circulation, because the myelo- 
blast is an abnormal cell in the blood 
stream, but it is well shown in studies of 
the bone marrow, where the myeloblasts 
grow. The number of mitotic figures in 
dividing cells increases in the bone marrow 
in the twelve to twenty-four hours after 
irradiation and decreases rapidly after 
this.’ The myeloblasts may fill the bone 
marrow spaces and crowd out all other 
cells. When the bulk of the cells are in this 
state in the bone marrow, the patient is 
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said to be refractory to roentgen therapy, 
because these cells cannot be stimulated 
to mature and be lost from the body as are 
the adult cells. The roentgen radiation, 
however, does not kill them, but stimulates 
further growth. When small doses are 
applied over very long periods, the number 
of germinating cells decreases and aplastic 
anemia develops. This is always preceded 
by a period of hyperplasia in which the 
cells have been stimulated to abnormal 
growth until the marrow becomes ‘“‘ex 
hausted.”’ 

The stimulation of maturation of the 
white blood cells is further shown by a 
study of the age of polymorphonuclear 
leucocytes in the peripheral circulation. 
The youngest cells have a single round 
nucleus; in the older stage it is a band form, 
which becomes constricted into two lobes, 
then 3, 4, 5, 6 or more lobes (Fig. 1 
When these types of cells are stimulated 
to grow older, the number of lobes in the 
nucleus increases. Kennedy and Grover’ 
have shown that after roentgen irradiation 
of normal rabbits, the number of cells 
with one lobe reaches its maximum in 
31 hours, those with 2 lobes reach their 
maximum in one to two days; with 3 
lobes in four to five days; with 4 lobes in 
six to seven days and with ¢ lobes and 
more after this. In other words, within 3! 
hours after therapy, the number of myelo 
cytes maturing into metamyelocytes be 
gins to increase, and the process continues 
throughout the rest of the developmental 
cycle during the following days. 

A careful study of the kinds of poly 
morphonuclear leucocytes during the first 
fourteen hours after roentgen irradiation 
shows that the number of one-lobed cells 
increases very rapidly, starting during the 
first hour, and the number, which reaches 
its maximum in 3} hours, remains elevated, 
with but slight decrease, during the first 
fourteen hours. In contrast to this the 


number with 2 lobes decreases slowly but 
definitely, and the number with 3, 4 and 
more lobes decreases abruptly and markedly 
during the first hour.’ The reason for this 
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The powers of movement 
through the mucous membranes (leuco- 
pedesis) of the one-lobed cells is feeble 
compared to the others® and they do not 
appear in great numbers in the mouth; 
those with 2 lobes can move more rapidly, 
whereas those with 3 or more lobes have 
very active powers of locomotion and 
quickly migrate from the circulation. 


is evident. 


RED BLOOD CELLS 

A similar maturation process takes place 
in the red blood cells. The youngest red 
blood cell is a nucleated form, normally 
confined to the bone marrow. This matures 
into the reticulocyte stage, then to the 
granule stage, then the mature erythrocyte 


I 2 3 4 
Fic. 2. Stages in the development of th 1 blood 


cell. 1. Nucleated cell (1 ormoblast . 2. Reticulo- 


] 1] 
cyte. 3. Granule cell. 


4. Mature cell. 
Fig. 2). + hour) 
after adequate roentgen therapy the num- 
ber of granule red blood cells increases, 
showing that 


Immediately (less than 


reticulocytes have been 


Fic. 3. Red blood cells before and im: diately 
after irradiation in a patient with lymphoblas 
toma. The first field shows one granule red blood 
cell. The second field shows the increase 
number of granule red blood cells. 


In the 


matured to the next older stage (Fig. 3). 
Then the reticulocytes increase, showing 
that the nucleated cells have been stimu- 


lated to mature quickly to the reticulocyte 
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stage. As days pass on the reticulocytes 
decrease in number and mature into the 
granule red blood cell stage, and the num- 
ber of the latter again rises. Then the 
number of mature cells increases. When 
the number of granule cells increases dur- 
ing the first twenty-four hours and re- 
mains elevated, it is evidence that the bone 
marrow contained numerous red _ blood 
cells in the reticulocyte stage, and was 
therefore not aplastic, and was favorably 
affected. One could then predict that the 
therapy would be effective.’ This is well 
shown by a study of patients with cancer, 
leucemia and lymphoblastoma, as well as 
the ability to induce a remission in perni- 
cious anemia or improvement in other 
anemias with roentgen irradiation (Minot 
and Lee,” and Pernicious 
anemia is characterized by gross immatu- 
rity of the red blood cells in the bone mar- 
row, and the stimulus of the roentgen ray 
makes the cells mature. (The ease of 
production of a remission, however, with 
liver or dried stomach, makes the use of 
the roentgen ray, as a therapeutic measure 
in this disease, uneconomical and primarily 
of academic interest at present.) 


LYMPHOCYTES 


Similar evidence may be gathered from 
a study of the lymphocytes. The youngest 
stage reaching the peripheral circulation 
under pathologic conditions is the primitive 
lymphoblast (Fig. 4), which resembles 
the primitive myeloblast closely in its 
appearance and its behavior to roentgen 
irradiation. The cell normally is confined 
to the lymphoid tissue and during normal 
life matures into the lymphoblast, then 
the large lymphocyte, then the medium 
sized and finally the adult small lympho- 
cyte (Fig. 4). Exposure to roentgen radia- 
tion during the primitive lymphoblast and 
lymphoblast stages, causes the cells to re- 
produce with the rapid production of ad- 
ditional primitive lymphoblasts. As the 
bulk of the cells are in this stage in acute 
lymphatic leucemia and the terminal stage 
of chronic lymphatic leucemia, roentgen 
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irradiation does not lower the white blood 
cell count appreciably, and frequently ag- 
gravates the condition. When the bulk 
of the cells are medium or small sized 
lymphocytes, roentgen irradiation stimu- 
lates them to grow old, and they are ex- 
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given within four days, this effect is re 
duced to a minimun, as the dividing cells 
do not have the same opportunity to 
mature enough so as to be ready for a sec- 
ond division within that time. Therefore, 
it would seem advisable to expose the pa- 


SMALL 


MEDIUM LYMPHOCYTE 


LYMPHOCYTE 
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Fic. 4. Stages in the development of the lymphocyte. Drawn on the same scale, from the blood of a patient 


with chronic lymphatic leucemia. 


creted into the gastrointestinal tract (Isaacs 
and Danielian,®’ Bunting and Huston’). 
Therefore, the quickest response in re- 
duction of the white blood cell count after 
adequate therapy comes when the bulk 
of the cells are small and medium sized 
(i.e., relatively mature) lymphocytes, and 
the response is but slight when the bulk 
of the cells are large lymphocytes and 
lymphoblasts. The stimulation of young 
stages to grow older results in an initial 
increase in the number of lymphocytes in 
the blood stream before the decrease starts. 
This is best seen when very small doses 
have been used.!7-!8 

The monocytes, especially as seen in 
monocytic leucemia go through a similar 
process of stimulation and development al- 
though at a much slower rate. 

FREQUENCY OF TREATMENT 

It is thus evident that every exposure of 
the patient to roentgen radiation stimu- 
lates the “‘blast”’ cells to reproduce and the 
older cells to become senile and finish their 
life history in a normal and orderly manner. 
It is not a death by acute necrosis when 
adequate therapeutic doses are used. If 
the exposures are separated by an interval 
of several days, the dividing cells grow and 
are again made to divide when the next 
dose is given. If the maximum dose is 


A red blood cell is shown to indicate the relative sizes. 


tient to the rays as few times as possible, 
as every additional exposure increases the 
growth of the “blast” cells and hastens 
the time which every patient reaches, in 
which he no longer 
therapy. 

There is always a /atent period between 
the time of exposure to the radiation and 
the therapeutic results. This period repre 
sents the length of time that it takes for a 
cell to mature and behave as an adult 
tissue, and suffer its fate. It varies with 
the kind of cell, and the stage of develop 
ment at the time of irradiation 
cyte to granu'e red blood cell, 15 minutes; 
myelocyte to metamyelocyte about 3 
hours; carcinoma of the breast cell, arounc 
two weeks; etc.) as well as with the effec 
tive dose. 

Adequate radiation therapy produces 
great symptomatic improvement, but on 
the average does not prolong the life of the 


“responds” to the 


reti ulo 


l 


irradiated group as compared to a similar 
but non-irradiated group (Minot, Buck 


man and Isaacs,’ Minot and Isaacs'’). Of 


course individual patients are encountered 
whose life is actually prolonged by the 
emergency use of irradiation in removing 


an immediate and mechanical 


death, e.g., enlarged tissue mass. The same 
condition is true in the various lympho- 
blastomas (Minot and Isaacs)."! 


cause of 
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ANEMIA 


The reduction in the number of red blood 
cells and percentage of hemoglobin in leu- 
cemia is a factor which frequently has 
caused some to hesitate about giving treat- 
ment. Anemia is a contraindication to treat- 
ment only when the red blood cell tissue 
stops growing because it is aplastic. How- 
ever, if red blood cells have no room to 
grow because the bone marrow is crowded 
with leucemic or lymphoblastomatous tis- 
sue, the one hope of relieving the anemia 
is to clear out the foreign cells, and allow 
the red blood corpuscles to mature. If the 
bulk of the cells are myeloblasts or lym- 
phoblasts, roentgen irradiation will not 
clear out the tissue; the prognosis is bad and 
the anemia will not be improved. In lym- 
phatic leucemia if the hemoglobin cannot 
« raised above $0 per cent after adequate 
radiation therapy, the prognosis is bad and 
little symptomatic improvement can be ex- 
pected." Thus, it is not the anemia or the 
low hemoglobin which makes the treatment 
ineffective, but the underlying cause. Fur- 
thermore, anemia may not necessarily con- 
traindicate treatment, but, as in chronic 
myelogenous leucemia, actually be an indi- 
cation calling for roentgen therapy. 

BLOOD PLATELETS 

The same condition exactly character- 
izes reduction in the number of blood plate- 
lets. Reduction in number means, 
leucemias, crowding out of the 
forming cells (megakaryocytes). 
crowding cannot be 
by roentgen therapy, 


in the 
platelet- 

If the 
cleared away 
the platelet number 
cannot be increased and at the same time 
the immobility of the foreign tissue means 
that roentgen therapy is futile and the prog- 
nosis is bad. However, if the fore! 
can be cleared away, 


tissue 


ign tissue 
the patient will of 
course be improved and secondarily the 
platelet number will be increased 
of increased space to grow. 
are frequently reduced 


because 
The platelets 
in lymphatic leu- 
cemia and always in lymphoblastic and 
myeloblastic leacemia. They are greatly 


increased in number in chronic myeloge- 
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nous leucemia when the platelet-forming 
tissue takes part in the leucemic process. 


LYMPHOBLASTOMA 


Hodgkin’s disease is ‘“lymphotoxic,’ 
and even in untreated patients, the lym- 
phocytes decrease in number, both in the 
lymph glands and in the peripheral circula- 
tion. Roentgen irradiation hastens this 
process, and therefore it is wise to use it 
only when there is great necessity for re- 
ducing the size of a gland. If the lympho- 
cytes, however, are removed by roentgen 
rays, the gland will be smaller than if the 
process is allowed to proceed by itself, 
as in the latter case there is the continued 
fibroblastic proliferation while the disease 
takes its normal course. 

In lymphosarcoma the predominant cell 
in the glands is a lymphoid cell, probably 
not one of the normal stages of the lym- 
phocyte, however. It seldom gets into the 
peripheral circulation in appreciable num- 
bers, though in some cases there is a mod- 
erate increase in the number of lympho- 
cytes. The lymphosarcoma cell itself ap- 
pears to be quite susceptible to irradiation, 
and its changes must not be confused with 
those of the normal blood cells or their pre- 
cursors. 


DATA MODIFYING TREATMENT 


The number of red or white blood cells 
alone is not a guide to treatment. The 
numerical data must be considered 1n con- 
nection with the condition of the patient, 
the size and position of enlarged glands, 
the subjective symptoms, the basal meta- 
bolic rate and associated signs. A high 
basal metabolic rate, with nervousness, 
sweating, fast pulse and loss of weight are 
definite indications for treatment even 
though the leucocyte count is not markedly 
elevated. In the absence of these symptoms 
in spite of a high white blood cell count, 
the treatment may be postponed. It must 
be remembered that a low leucocyte count 
may mean lack of production (aplasia) 
or increased excretion or destruction of 
the cells. This must be determined by 
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counting the cells which wander through 
the mucous membranes of the mouth.® 
Roentgen irradiation may be given if the 
leucocyte count is low and the rate of cell 
excretion is high, as this is an evidence of 
an active, cellular bone marrow. The peri- 
pheral blood count alone, then, is not a 
direct indication of the state of activity 
of the blood-forming tissues. 


DOSAGE 


As to the actual dosage, in general it 
may be said that the larger the effective 
dose given at one time (i.e. within the 
course of two to four days), the quicker 
will be the response on the part of the 
blood cells. There is an intermediate dos- 
age between large and small which fre- 
quently is not very effective in inducing 
blood changes.* The small doses frequently 
produce the changes so slowly that many 
developments can be noted which may be 
overlooked after large doses because of 
their shortened duration and rapid se- 
quence. It is wise to divide the maximum 
possible dose into several days’ treatment 
so that when the proper changes in the 
type of blood cells are produced (not neces- 
sarily the change in the blood count) the 
treatments may be suspended. From the 
point of view of the blood cells, treatments 
given within four days have much the 
same effect as if given all at once. Ifa 
week or more elapses, the effect is that of 
a second treatment. For all practical pur- 
poses, roentgen rays, radon and the radio- 
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active substances work in the same way, 
but the rate of response is different, de- 
pending on the actual effective dose per 
unit of time. 


SUMMARY 


Roentgen irradiation stimulates primi- 
tive myeloblasts and lymphoblasts to rap- 
id reproduction. Myelocytes and small 
lymphocytes are stimulated to finish their 
life history and they then die or are ex- 
creted. The latent period between the ex- 
posure to irradiation and the elimination 
of the leucocytes represents the period of 
maturation and development of the indi- 
vidual cells to senility. The matured cells 
are excreted into the gastrointestinal tract 
(polymorphonuclear cells into the mouth, 
lymphocytes into the intestines). Very rap- 
id excretion may result in a decrease in 
the number of cells in the peripheral cir- 
culation (leucopenia), giving the false im- 
pression of an aplastic bone marrow. Ane- 
mia may mean crowding out of red blood 
cell tissue by foreign cells, or it may mean 
actual aplasia of the bone marrow. Ane 
mia, then, as well as leucopenia, may not 
necessarily be a contraindication to roent 
gen therapy. As the peripheral blood count 
does not always give a clue as to the state 
of the blood-forming organs, several other 
factors must be taken into account in con 
sidering treatment (rate of cell destruction, 
type of the cells, basal metabolic rate and 
associated symptoms and previous response 
to roentgen irradiation). 
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SION 


dose to a large one; from a technique with 
frequent small treatments to one perhaps with 
a single large dose and a prolonged rest after- 
wards. I have been working with a doctor who 
understands the blood very well and we have 
not been able to develop any close relation 
between the appearance of the blood and the 
type of roentgen treatment which benefited 
the patient. Harm can be done with radiation 
therapy in some of these cases; too much treat- 
ment is certainly bad for them. 

Dr. H. K. Pancoast, Philadelphia. I wish 
to retract a statement made this afternoon. 
| said there had been no advances in the treat- 
ment of the leucemias since the early cases 
treated back in 1902 and 1903, with a few 
exceptions. The advances that we have been 
hoping for are those which you have just heard 
about. We have realized that it is in the ex- 
amination of blood that we would find reasons 
for changing our technique which might give 
better results. I feel sure we have heard good 
reasons for making changes in our technique 
in treatment of different cases. It shows that 
in the treatment of the leucemias and some 
other diseases of this type, we must have the 
full cooperation of the pathologist. 

In a rough way we have been following out 
this same line of investigation in governing 
ourselves by the polymorphonuclear count, and 
when that was low we have cut down the 
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dosage very materially. This has been done 
especially in cases of aleucemic leucemia. 

I would like to ask Dr. Isaacs if he can ex- 
plain on the basis of what he has told us, the 
action of the small doses of roentgen rays that 
seem to be beneficial in so many cases of 
agranulocytic angina. 

Dr. Cuartes Goosman, Cincinnati, Ohio. 
I wish to ask Dr. Isaacs to explain briefly how 
they count the salivary corpuscles. I would 
also like to ask whether he has seen or followed 
cases of leucemia until they do not respond to 
roentgen irradiation. As we all know, they 
reach such a stage. At that stage, does the 
blood change explain the lack of roentgen 
response? 

Dr. G. E. Prauter, Philadelphia. I would 
like to ask Dr. Isaacs what the dosage has been 
in these instances in which he saw a stimulation 
of the development of the various cells and 
before this stimulation proved to be in these 
cells. It is new in our experience and in the 
various experimental records of all kinds of 
tissues and all kinds of living substances that 
have been treated. We do not get in other 
things a stimulating effect, a true stimulating 
effect. I am anxious to know what this evi- 
dence has been and how it has been proved. 


Dr. Isaacs (closing). A number of puzzling 
points have been brought up. Evidently this 
subject is one full of controversy. Why should 
small doses sometimes cure and large doses 
make worse? It depends on the predominant 
stage of the cells in the bone marrow or the 
lymph nodes, not on the predominant stage 
in the blood stream. Sometimes in Hodgkin’s 
disease or lymphosarcoma it is impossible to 
tell from the blood stream the condition in the 
bone marrow. Therefore we must use other 
aids such as basal metabolic rate, the pulse 
rate, loss of weight, the patient’s general well- 
being. 

The method of counting the cells in the saliva 
is very simple. The patient is told to clear 
out his mouth by swallowing all the saliva 
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which is present. He is then asked to open his 
mouth and allow saliva to accumulate, which 
happens very quickly. A white blood cell 
counting pipette or any kind of glass tube is 
inserted beneath the sides of the tongue and 
a drop of fluid obtained. This fluid will contain 
the white blood cells which have wandered 
through the mucous membranes of the mouth 
by the process of ameboid movement. This 
fluid is then put under the cover glass of a blood 
counting slide and the cells counted. Normally 
there are between 5 and 150 cells per cubic 
millimeter. After roentgen treatment or any 
treatment which stimulates cells to mature, 
mature cells come into the saliva. If you make 
very careful counts of the stages of the white 
blood cells and the red blood cells after roent- 
gen treatment, it will be seen that the first 
stage is an increase in the number of mature 
cells or more mature cells than the 
stream showed. Immediately after roentgen 
treatment there may be an increase in the 
number of myelocytes for a few hours on the 
first day after treatment, a few myeloblasts 


blood 


having m atured. Many polymorphonuclears 
have matured from the myelocytes. In other 
words, you can actually count the cells and 
study the process of cells getting more mature. 
You do not kill cells with roentgen rays; you 


give the treatment and then wait for results. 
This period in the blood corresponds to the 
length of time for the predominant cells to 

mature. Many a patient has been treated a 
long time and failed to respond. In that case 
the cells are mostly in the stage of lympho- 
blasts or myeloblasts. 

Dr. F. B. SrepHenson, Denver, Colo. Do 
we understand that roentgen treatment of a 


normal person will cause the same increase of 


cells in the saliva? 

Dr. Isaacs. I haven’t treated a normal per 
son. In patients with cancer or some small 
growths elsewhere in the body, the effect 
exactly the same. Any condition which stim 
ulates cells to get ripe, will cause an 
in the number of cells in the saliva. 


increase 
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THE ROENTGEN TREATMENT OF METASTASIS 
TO THE VERTEBRAE AND THE BONES 
OF THE PELVIS FROM CARCI- 
NOMA OF THE BREAST™* 
By EUGENE T. LEDDY, M.D. 
Section on Roentgen Therapy, The Mayo Clini 


ROCHESTER, MINNESOTA 


INCIDENCE 

KELETAL metastasis from carcinoma 

of the breast is a manifestation of the 
terminal generalization of the disease, and, 
therefore, its incidence should approach 
100 per cent. However, from the literature 
the exact percentage is dificult to deter- 
mine. It is obvious that at necropsy many 
cases are missed unless there is some 1n- 
dication for examination of the vertebral 
and pelvic bones, and even then metastasis 
that has not produced gross destruction of 
bone will not necessarily be discovered. 
Clinicians naturally diagnose only those 
cases in which symptoms are severe enough 
to warrant a definite opinion that a lesion 
of bone is present. 

Handley, in 329 necropsies at the Middle- 
sex Hospital in cases of carcinoma of the 
breast, found involvement of bone in 73 
cases, an incidence of 22 per cent. Risley 
found about 25 per cent. Giles stated that 
there is metastasis to bone in an average of 
series the 
incidence was $3 per cent; in Snow’s small 


30 per cent; in Kaufmann’s*?§ 


series of unselected cases it was 73 per 
cent, and in Ginsburg’s*®?:3* series of cases 
studied at the Montefiore Hospital the 
incidence was about 75 per cent. Ingraham 
and Kitain asserted that osseous metastasis 
occurs available 
One might 
suspect that the percentage-incidence va- 
ries in proportion to the thoroughness with 
which one examines patients for metastasis 


than 
statistics lead one to believe. 


more commonly 


to bone; or else the great discrepancy in 
these figures may depend on the types of 
cases studied. 

The fact that carcinoma of the breast 
may metastasize early is not taken seriously 


* Read at the Thirtieth Annual Meeting, Ame: 


enough in clinical practice, for the spine 
and pelvis may be the seat of trouble for a 
long time without other lesions, and with- 
out symptoms or apparent change in the 
patient’s condition. The high incidence of 
skeletal metastasis makes it an important 
problem for the pathologist, the internist, 
and the radiologist, because carcinoma of 
the breast is one of the commonest forms 
of malignant disease, and its mortality 
rate is apparently still on the increase. In 
many cases in which the bone is involved 
the patients suffer from severe symptoms 
for months before they finally succumb to 
the ravages of the disease, or to intercur- 
rent infection. The general opinion is that 
treatment in such an advanced stage of the 
carcinoma is useless, since osseous metas- 
tasis is highly resistant to roentgen ther- 
apy. 

The value of roentgen therapy for skele- 
tal metastasis is difficult to determine, 
because, notwithstanding its frequency, 
few systematic studies of treatment have 
been made. Most papers deal with the 
pathologic or roentgenographic phases of 
the subject; clinical reports of one or two 
cases are frequent, generalizations are 
commonly made from insufficient evidence, 
and diametrically opposed statements are 
common. In many reports the number of 
definitely diagnosed cases is uncertain, and 
the technique is not described or is stated 
ambiguously. Some authors aver that 
roentgen therapy for metastasis to bone 1s 
not only useless, but dangerous, while 
others as positively state that treatment of 
such lesions gives brilliant results, and 
that osseous metastasis is the most fruitful 
field in inoperable carcinoma for treatment. 


n Roentgen Ray Society, New York City, Sept. 17-20, 1929. 
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My study of the subject was initiated in an 
endeavor to obtain definite information of 
the value of roentgen therapy. 


PATHOLOGY 


Why carcinoma of the breast should so 
frequently metastasize to the vertebral 
and pelvic bones is not known. Handley 
stated that the liability of bone to metas- 
tatic invasion increases with its proximity 
to the site of the primary growth. In 
contradiction to this is the fact that many 
observers, such as Mueller, Schlesinger, 
Kaufmann,‘®° Lee and Herendeen, Lee 
and Tannenbaum, and Buday, found 
the spinal column involved most fre- 
quently, then the pelvis, then the upper 
part of the arm, then the ribs, and then the 
skull. Occasionally a primary tumor had 
not been found clinically, and yet symp- 
toms of metastasis were manifest. Other 
authors, such as Helly, Risley, Matthews, 
Ritchie and Stewart, and Belot and Lepen- 
netier, stated that the possibility of metas- 
tasis stands in close relationship to the 
histologic structure and spatial extent of the 
primary tumor; that the greater its local 
growth, the less likely it is to metastasize, 
and that the greatest incidence of metas- 
tasis to bone is noted in scirrhous 
cinoma. 


Car- 


MECHANISM OF METASTASIS 


The mechanism by which malignant cells 
are carried to the vertebral and pelvic 
bones is still the subject of controversy. 
Handley contends that “‘it results from far 
extension of the primary growth along the 
deep fascial lymphatic plexus.” He ap- 
parently showed that carcinoma of the 
breast often invades the epigastric node, 
and from there reaches the lumbar lymph 
nodes and the lumbar vertebrae by second- 
ary embolic infection from other abdominal 
metastatic deposits in the later stage of the 
disease, and by gravitation of particles of 
carcinoma into the pelvis, and their sub- 
sequent implantation on one or the other 
of the pelvic organs. Joll opposed this 
conception and stated: “It appears to me 
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that the evidence is preponderatingly in 
favor of: the claim that bone metastases 
are blood borne, and that they are due to 
the lodgement of malignant emboli in the 
bone marrow. If we accept the lymphatic 
permeation theory of the origin of these 
secondary growths how can we explain a 
femoral deposit from carcinoma of the 
tongue, a metastasis in the humerus from 
carcinoma of the rectum, a secondary 
growth in the radius from a primary in the 
bladder unless, indeed, we regard these all 
as exceptional, or alternately, consider that 
the breast metastasizes differently from 
all other tumors?” The lymphatic permea- 
tion theory of Handley is accepted by 
Simpson, Deaver, Carnett, and most 
surgeons who have written on carcinoma 
of the breast. Opposing this view, Levin 
asked for an explanation of how distant 
metastasis can take place without local 
recurrence after operation unless the car- 
cinoma cells were transplanted during the 
operation. In his textbook on carcinoma 
of the breast, Fitzwilliams stated: “I can 
only conclude by saying that after giving 
very careful attention to all the writings 
and arguments on the subject | have not 
met a single fact that would support the 
argument in favor of permeation, as every- 
thing can be explained by the far simpler 
method of blood borne or lymphatic em- 
boli.”” Piney said that the bone marrow 
becomes involved by emboli in the blood 
stream. The bones which have red mar- 
row, the ribs, sternum, vertebrae, and 
innominates, are most likely to be the seat 
of metastasis. 

A direct, definite relationship of the 
bone marrow to the general lymphatic 
system is of greatest significance in the 
clinical pathology of secondary tumors from 
carcinoma of the breast. Lymph capillaries 
have been described accompanying the 
blood vessels in the haversian canals in 
bones by Klein. Nothing is known ap- 
parently concerning the lymphatics of the 
bone marrow. Roger and Josué stated, “‘Il 
n’existe pas de vaisseaux lymphatiques 
dans la moelle des os,” and this view has 
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been accepted as final. The only experi- 
mental study was made by Piney who failed 
to demonstrate lymphatics in the bone 
marrow. 

Metastasis in bone from carcinoma de- 
velops within the marrow, and when the 
group of carcinoma cells is small, the mar- 
row appears normal. In his pioneer work 
on the subject, von Recklinghausen stated 
that this development is a circulatory- 
mechanical process. That is, the vulner- 
ability of the skeletal system is to be as- 
cribed to the ease with which carci- 
noma cells brought by the blood stream, 
can be retained in the capillaries of the 
bone marrow. The wider caliber of the 
capillaries of the bone marrow, the thinness 
of their walls, and their inclosure in a shell 
of bone, lead to retardation of the blood 
stream in the capillaries and small veins 
and to peripheral stagnation where the ma- 
lignant cells grow and multiply. The fact 
that in metastatic carcinoma of bone it is 
easy to find veins filled with carcinoma 
cells, and the general opinion that the bone 
marrow 1s lacking in lymph vessels and has 
no relation to the general lymphatic system 
is the most forceful argument presented by 
those who accept the circulatory-mechani- 
cal theory of von Recklinghausen. 

Handley was the first to assert that me- 
tastasis of carcinoma to the skeleton differs 
in no way from metastasis to other organs, 
and that the route of invasion of the 
metastasis is usually that of carcinomatous 
invasion of the lymphatic system. He ex- 
pressed the view that carcinoma cells 
invade the bone by way of the lymph 
vessels entering the bone at the points of 
insertion of muscles. However, Kolodny, 
in a series of experiments, showed a direct 
relationship between the bone marrow and 
the lymphatic system, and he stated that 
there is no need to invoke more or less 
hypothetic lymph vessels entering the 
bone at the points of insertion of tendon. 
Kolodny expressed the belief that the 
direct relationship he demonstrated be- 
tween the bone marrow and the lymphatic 
system provides the missing link for the 
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anatomic basis for the lymphogenous 
theory of the invasion of bone by carcinoma 
cells. 

Handley commented on the invasion of 
the hypogastric lymph node by carcinoma 
cells. This node is the regional node of the 
bones of the pelvis and lower extremities 
and invasion of it can easily lead to inva- 
sion of the pelvic bones by a retrograde 
flow of lymph. Since the occurrence of a 
retrograde flow of lymph was questioned, 
Kolodny carried out experiments to eluci- 
date this point. It is well known that with 
carcinomatous involvement the changes in 
the lymph nodes frequently lead to occlu- 
sion of the efferent vessels. In the early 
stages of the involvement of the lymph 
node, carcinoma cells are found lying in the 
subcapsular lymph sinuses, at the point of 
entry of the efferent lymphatics. Later 
these cells compress the pulp and lead to 
atrophy of the lymphoid tissue and to 
obliteration of the node. Then the carci- 
noma cells invade the capsule and the 
peripheral vessels; obliteration of the 
sinuses of the node follows, causes a retro- 
grade lymph flow, and nullifies the im- 
portance of this node as a guard against 
further infection. In such cases, aber- 
rant lymph capillaries develop. These are 
channels for communication between the 
afferent and efferent vessels of the obliter- 
ated node, as has been proved experiment- 
ally. Such an aberration of the lymph 
stream readily explains the so-called para- 
doxic metastasis which occurs when 
carcinoma skips the regional nodes and 
yields distant metastasis. 

Metastatic involvement of the bones of 
the opposite side from that of the primary 
tumor frequently is found. Kolodny ex- 
plained this as either a case of general 
carcinomatosis in which the circulation 1s 
overflowing with carcinoma cells, or a case 
of a tumor in a more or less early stage, in 
which the cells are brought to the opposite 
side by lymph vessels that cross the me- 
dian line. He showed experimentally that 
when the normal flow of lymph to the re- 
gional nodes of a certain part is radically 
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interfered with, or the regional nodes are 
occluded because of previous involvement, 
a reflux lymph flow drives the cells into 
adjoining regions; whether these elements 
are carried through an entirely new-formed 
system of lymph capillaries or are forced 
through plexuses of fine lymph capillaries 
is a question. 

The frequent occurrence of pelvic me- 
tastasis in carcinoma of the breast is thus 
explainable anatomically as a result of a 
combination of an aberration of the lymph 
stream, and a reflux lymph stream. In 
advanced cases both circulatory systems, 
the blood and lymph, may be used to trans- 
port the cells in their general spread. 

Metastatic carcinoma, having invaded 
the bone, may cause formation of indivi- 
dual nodules, or diffuse infiltration (as a 
result of which the whole spongiosa of a 
vertebra, or the head of the femur, may be 
filled with carcinomatous tissue). Then it 
may grow along the vessels of the cortex to 
the surface and form nobby subperiosteal 
thickening, or there may be multiple dif- 
fuse regions of absorption of bone. 


TYPES OF METASTASIS 


It is generally accepted that there are 
two forms of skeletal metastasis, the osteo- 
clastic and osteoplastic, although both 
forms commonly exist together. In the 
former, the tela ossea are resorbed, and 
much of the cortex is destroyed, so that the 
bone may fracture under the least trauma; 
in the latter, the tumor forms new bone 
substance as a result of which the bone 
becomes broader and heavier. In the higher 
grades there is a compact, finely porous 
substance in the spongiosa, and the super- 
ficial deposits have the same structure. 
Such a bone has the appearance of hyper- 
ostosis, or osteosclerosis (Aschoff). 


HISTOPATHOLOGY 


von Recklinghausen first made the ob- 
servation that large polynuclear osteo- 
clasts, which destroy the bone in osteo- 
porosis, seldom are found in the lacunae of 
bone surrounding a growing metastatic 
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carcinoma. This fact has been confirmed 
repeatedly. In view of the absence of these 
osteoclasts, he assumed that softening 
takes place in the bone by removal of 
inorganic salts, and that subsequent ab- 
sorption takes place without the aid of 
special cells, a condition similar to the one 
found in osteomalacia. Apolant, Erbsloh, 
and Askanazy are also of the opinion that 
osteoporosis in skeletal carcinoma takes 
place without the aid of special cells. On 
the other hand, Wolff®* and Goetsch ex 
pressed the belief that the cancer cells act 
as osteoclasts and destroy the compact 
bone. Axhausen maintained that the small, 
elongated, mononuclear connective tissue 


cells frequently found close to the walls of 


the lacunae, are special osteoclasts derived 
from the stroma of the carcinoma. But 
even if this were true the tumor itself first 
destroys the bone and then grows by occu- 
pying the space it has produced. von 
Recklinghausen claimed that such exten- 
sive formation of new bone is due to 
hyperemia and hemostasis from obstruc 
tion of the capillaries by endovascular 
tumor emboli. Courvoisier and Kauf- 
mann‘?5° maintained that a metastatic 
deposit in bone is always surrounded by a 
zone of inflammation, and that this causes 
the sclerosis. Askanazy expressed the 
belief that the metastasis at first produces 
osteoporosis, which is followed by necrosis 
of bone, and that such necrotic bone acts 
as a foreign body to produce new bone. 
Wolff,*? Courvoisier, and Kaufmann hold 
that carcinoma cells may act as osteo- 


blasts and form new bone. In his series of 


cases Helly did not mention lymphocytic 
infiltration. Levin did not find hyperemia, 
infammation, or other abnormality, and 
agreed with Axhausen, Schmorl, and Muel 
ler that some chemical irritant emanating 
from the carcinoma cells acts on bone and 
stimulates its proliferation. 

That skeletal metastasis gives rise to 
marked inflammatory reactions of non- 
infectious origin, has been recognized since 
1886 when Lanzinger wrote about it. In 
1891 von Recklinghausen advocated the 
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idea that it was this noninfectious inflam- 
matory reaction that was responsible for 
the formation of new bone in skeletal 
metastasis; he was upheld in this view by 
many pathologists, including Askanazy, 
Assmann,‘ Courvoisier, Fischer-Defoy, 
Kaufmann and others, who also described 
inflammatory infiltration, but who dif- 
fered on its interpretation. The histo- 
pathologic literature is replete with reports 
of osteoplastic metastasis, in which an 
infammatory 


prominent. 


reaction unusually 
In a series studied by Kauf- 
reaction was so 
striking that he thought this form of 
carcinomatous metastasis fully deserved 
the designation “‘carcinomatous osteitis.” 
This noninfectious inflammatory re- 
action as a feature of osteoplastic skeletal 
metastasis and as a frequent accompani- 
ment of the development of malignant 
neoplasms generally has been emphasized 
by Ewing, Goforth, and Aschoff. 
Ginsburg,*?:3 in his works on metastasis 
to bone from carcinoma of the 
emphasized 


breast, 
reaction, 
but did not give it any clinical or thera- 
peutic significance. He stated: “Although 
this inflammatory 


this inflammatory 


reaction has received 
much attention, study, and investigation 
from pathologists, histologists, and anato- 


mists, its clinical side has been sorely 


neglected.” 

According to Handley it is this nonin- 
fectious inflammatory reaction, followed 
by fibrosis, that frequently is responsible 
for the local cure of carcinoma, or for its 
spontaneous recession or remission. 

| shall emphasize later in this paper that 
such inflammatory infiltration is of con- 
siderable significance in the evaluation of 
radiotherapeutic results of treatment of 
metastasis to the vertebrae and pelvis 
from carcinoma of the breast. 

In an attempt to evaluate the influence 
of roentgen therapy on metastasis to the 
vertebrae and bones of the pels is, second- 
ary to carcinoma of the breast, 4 
which 


Cases 
treatment was given in the 


Section on Roentgen-ray Therapy, in 1925 


Roentgen Treatment of Metastasis to the Vertebrae 661 


to 1928, inclusive, were reviewed. Of 
these women, 20 had malignant disease of 
the left breast; 19, of the right breast, 
and one woman had carcinoma in both 
breasts. The age incidence was that 
usually given as the “cancer age,” for the 
age of only one was less than thirty years; 
6 were from thirty-one to forty years of 
age, 10 from forty-one to fifty, 17 from 
fifty-one to sixty, and 6 from sixty-one to 
seventy. There is, therefore, in the site 
of the growth and age of the patient, noth- 
ing significant in regard to incidence of 
metastasis to bone. 


SYMPTOMS 

1. The Neuralgic Stage. The character- 
istic symptom of involvement of bone, 
secondary to carcinoma of he breast, 1s 
pain. At the outset this pain may be mild 
and transitory. It may consist only in 
stiffness, weakness, or a “‘catch”’ in the 
back which the patient regards as a “cold,” 
and which is treated with home remedies. 
Motion of the spinal column always in- 
tensifies the pain, and rest relieves it. As 
time goes on, the pain becomes more severe 
and more constant and the diagnosis of 
lumbago or sciatica is often made. Sciatica 
is a subject of great antiquity and cor- 
responding vagueness. The first good 
description of sciatica was that by Cotugno, 
but the most exhaustive early report was 
that by Valleix, who reviewed the litera- 
ture to 1840. Simonson cited some cases 
treated by roentgen therapy and gave the 
early references on the subject. The 
fact that in many cases the pain is referred, 
and is not due to actual disease or injury 
of the sciatic nerve is becoming more 
widely recognized. Seldom is there actual 
destruction of the nerve itself, but nearly 
all cases of “‘sciatica’”’ of this kind can be 
traced to a disturbance in a nearby bone or 
joint to which the sciatic nerve sends a 
filament. However, when there is extensive 
involvement of the lymphatic nodes ad- 
jacent to the nerve or to branches of the 
lumbosacral plexus, the pain is of direct 
mechanical origin. 
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The sciatic nerve arises just above and 
just below the promontory of the sacrum, 
and is a direct continuation of the lower 
two lumbar and the upper three sacral 
nerve roots. In the pelvis the nerve is 
assembled from its various roots, and here 
it is often subject to pressure from malig- 
nant nodes. Connecting filaments link it 
up to the other important nerves in the 
vicinity. It supplies sensation to the 
lumbar articulations, so that involvement 
of the lumbar portion of the spinal column 
by carcinoma may express itself in pain 
felt down the leg. Besides this process, 
direct pressure from the diseased bone 
may cause pressure neuritis. The upper 
part of the nerve descends into the pelvis 
in front of the sacroiliac joint, supplying 
it. Since this joint is often involved by 
secondary malignant deposits from car- 
cinoma of the breast, and since the joint 
is unstable in comparison with the spinal 
column and hip-joint, it is not hard to 
understand how malignant disease at this 
point may manifest itself by pain along 
the distribution of the sciatic nerve. The 
nerve leaves the pelvis to enter the but- 
tock through the great sacrosciatic fora- 
men. Involvement of the bony margins 
of this notch may also produce direct 
pressure on the nerve. As the nerve de- 
scends it lies behind the hip-joint, which it 
supplies. Tumors in the vicinity, or lesions 
in the upper part of the femur, may irritate 
it. In the thigh, the sciatic nerve supplies 
the hamstring muscles, and at times is 
pressed on or irritated by secondary 
deposits in the shaft of the femur. Usually, 
the sciatic nerve divides in the thigh into 
branches which supply all the muscles 
below the knee and nearly all the sensa- 
tion. 

Typical sciatic pain is, as a rule, rarely 
complained of only in the buttock. The 
pain does not necessarily follow the whole 
nerve, and may be confined even below the 
knee. In most cases, the exciting cause is 
either in the lumbar part of the spinal 
column, in the sacroiliac joint, or in the 
hip-joint, singly, or in combination, de- 
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pending on the structures which malignant 
secondary growth has involved. 

When the local remedies for rheuma- 
tism, myalgia, neuritis, neuralgia, or lum- 
bago are of no further avail, sedatives are 
sometimes prescribed. When these have 
failed, there is the possibility that baking, 
diathermy, and more and stronger seda- 
tives may be used. If the pain is still 
intractable (and it usually is) and if a 
diagnosis of hysteria or neurasthenia should 
be made, psychotherapy might be ordered. 
These failing, the patient is sometimes put 
into a cast. At this stage, deformity of the 
spinal column usually is lacking, and pres- 
sure on the spinal column does not produce 
pain. In spite of the severity of symptoms, 
the dangerous practice of massage is often 
carried out, usually without a roentgen 
examination to ascertain the possible 
presence of metastasis, until, suddenly, a 
pathologic fracture reveals the true under- 
lying cause of the pain. The fact that the 
patient has had a carcinoma of the breast 
is often ignored or completely forgotten. 

Patients may have skeletal metastasis 
for months without evidence of local recur 
rence or evidence of visceral metastasis. 
Cachexia is rarely noted in this group and 
yet carcinoma is often ruled out merely 
because the patient is not cachetic. The 
weights of 5 of the patients in this series, 
at the time of their first course of roentgen 
therapy, were 100 pounds or less; 9 were 
of average weight (135 pounds); 13 were 
stout (150 pounds); 9 were obese (17 
pounds), and the weight of 4 was not 
recorded. 

It is well to emphasize again, contrary to 
the prevailing opinion that the pain from 
the skeletal metastasis is constant, per- 
sistent and progressive, that pain in the 
early stage may be mild, fleeting, incon- 
stant or indefinite. Of the 40 patients in 
this series, 2 complained of mild pain, 20, 
of severe pain, and 18, of crippling pain. 
The duration of the pain is shown in Table 
1. The pain was usually of widespread 
distribution, and varied in degree from 
the dullest to the most acute, excruciating 
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TABLE [| 


DURATION AND SITUATION OF SCIATIC PAIN, BEFORE 
DIAGNOSIS OF ITS CAUSE IN 39 CASES OF METAS- 


TASIS TO BONE FROM CARCINOMA OF THE BREAST 


Duration of pain, months Cases 
Less than 1 3 
Ito 2 6 
15 
7 to 12 6 
to 15 3 
More than 18 3 
Not stated 3 
Situation of pain 
In the back only 2 
Back and thighs 7, 
Hip and thigh 32 
Left hip and thigh 2 
Right hip and thigh 31 
Back, hip, and thigh 21 
Thigh to knee 18 
Thigh to foot 6 


or agonizing. Pain in these cases was the 
major clinical problem. Contrary to many 
authors who have stated that spontane- 
ous remission of symptoms, even to com- 
plete freedom from pain, is commonly seen 
in metastatic carcinoma of bone, in not 
one of the cases reported here was such a 
remission of symptoms before 
In all cases the pain had been 


recorded 
treatment. 
constant, and of increasing severity at the 
time of treatment. 

2. Stage of Deformity and C 
The neuralgic stage may last a long time 
without palpable deformity of the bone. 
Later, the shape of the spinal column 
changes. 


pression. 


Sometimes the spinal column 
may collapse as if it were made of rubber, 
the patient become 


actually may 
shorter; in one of Schlesinger’s cases a 


decrease of 8 cm. in height was noted. 
Often this collapse of a vertebra produces 
compression of the spinal cord. Also an 
arch-shaped kyphos or vertebral displace- 
ment may develop, much as in tuberculosis. 
Compression of the spinal cord often leads 
to motor or sensory paralysis and to vesical 
or gastrointestinal disturbances. The stage 
of compression lasts a shorter time than 
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the neuralgic stage, for, as a rule, death 
occurs in a few weeks or a very few months. 
However, patients with extensive destruc- 
tion of the spinal column or of the bones 
of the pelvis from secondary deposits from 
carcinoma of the breast may remain in 
fairly good condition for a long time. In 
cases of persistent, obstinate backache, or 
sciatica, one must always be on the look- 
out for metastasis, even though the lack 
of deformity may seem to contradict such 
a tentative diagnosis. 

General examination at the time of 
treatment disclosed recurrence or lack of 
it as shown in Table 11. In 38 cases, the 
roentgenograms of the thoracic organs were 
negative for metastasis, and in 2 carcino- 


TABLE II 
RECURRENCE AFTER PRIMARY OPERATION AS NOTED 


AT THE TIME OF TREATMENT FOR METASTASIS 


Cases 
Local recurrence 35 
With involvement of thoracic wall 20 
Thoracic wall only 9 
Thoracic wall and axilla 3 
Thoracic wall and supraclavicular 
space 6 
Thoracic wall and both axillas and 
supraclavicular space 2 
Without involvement of thoracic 
wall 15 
Distant recurrence | 9 
Skull exclusive of orbit | 3 
Orbit 2 
Liver 4 
No recurrence 10* 


* In 2 cases primary operation was too recent to 
allow of recurrence. 


matous spread was revealed. These facts 
confirm the report of Moore that the lungs 
and the bones are seldom involved in the 
same patient, and that combined visceral 
and osseous metastasis is infrequent. 

It is a fact not generally recognized that 
metastasis to the vertebrae and_ pelvic 
bones may take place at any time during 
the life history of carcinoma of the breast 
and not necessarily after many years. 
Confirmation of the usual view that metas- 


| 

= 

| 


664 Eugene T. Leddy 


TaB_e III 


PERIOD FROM DIAGNOSIS OF CARCINOMA 
TO ONSET OF PAIN* 


Period, years Cases 


Less than 0.5 
0.5 tol 
I to2 
2 to 3 
3 tO 4 
4 to 


Ann] nan 


* Pain noted before tumor in 2 cases. 
tasis is a late process in the evolution of 
the disease is indicated in Table 1. 

It is self-evident that roentgen therapy 
directed to the thorax in postoperative 
treatment can have no effect on malignant 
cells already disseminated outside the 
fields treated, and that it is of no avail 
whatever in slowing the growth of those 
cells already in the spinal column and bones 
of the pelvis. Sufficient evidence has not 
yet been accumulated to justify “‘pro- 
phylactic treatment” of the spinal column 
as a routine in addition to that of the other 
danger zones. However, from the stand- 
point of safety alone the possibility is 
worth consideration. Whether postopera- 
tive treatment keeps patients living to an 
age when osseous metastasis already exist- 
ing at the time of operation may have a 
chance to manifest itself is at present an 
unanswerable question. 

In this group of cases of osseous metas- 
tasis to the spinal column or pelvis 9 
patients had had postoperative treatment 
by roentgen rays. The exact proportion 
between patients who did not have post- 
operative treatment and those who had or 
did not have skeletal metastasis subse- 
quently was not determined, and is of no 
concern here as this discussion is not of the 
value of postoperative roentgen therapy. 

Of the 40 patients, 36 were operated on 
for primary carcinoma of the breast: 16, 
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at the Clinic and 20, elsewhere. Four 
were not operated on. Of the 16 patients 
who underwent operation at the Clinic, 
9g received postoperative treatment by 
roentgen ray at the Clinic, one patient, 
both at the clinic and elsewhere, and 6 
patients did not have any postoperative 
treatment. The incidence of local recur- 
rence among the 9g patients who received 
postoperative treatment at the Clinic was 
as follows: 3 did not have local recurrence 
at the time of treatment for metastasis, 
3 had recurrence in the skin of the thoracic 
wall, and 3 had supraclavicular metastasis 
only. 

Table iv gives a detailed analysis of the 
condition, at primary operation, of the 16 
patients operated on at the Clinic. 

The statement has been made repeated|) 
that slowly growing scirrhous carcinoma 
is prone to skeletal metastasis. 

Although the number of patients oper 
ated on at the Clinic whose microscopic 
diagnosis is definitely known (Table 1 
is too small to permit of definite conclusions 
or to allow of generalization, there is, 
superficially, no relationship between the 
histologic character of the tumor and the 
incidence or type of metastasis. The state 
ment that rapidly growing carcinoma pro 
duces a definite type of metastasis in a 
certain situation was not confirmed by this 
small group. There was no simple relation 
ship in the cases in which operation was 
performed at the Clinic between the size 
and site of the primary breast tumor or its 
axillary involvement and the site and 
extent of its metastasis. Large groups of 
carcinomas of the breast must be studied 
at necropsy to clarify many of these points, 
for it is not definitely known which type of 
carcinoma of the breast is more likely to 
metastasize to bone and which to viscera, 
although at necropsy it has been shown 
that not all carcinomas originating in the 
breast have done both. 

An exact diagnosis of vertebral or pelvic 
metastasis cannot be made with certainty 
from the history or general examination 
alone. The coexistence of backache and 
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carcinoma of the breast rather suggests that 
the latter is causing the symptoms. Pain 
may be absent when the bones are actually 
riddled with metastatic growths, as dur- 
ing the evolution of the metastatic cells 
pain is caused only when the periosteum 
is put under tension by their multiplication. 
When the periosteum has ruptured and 
the malignant cells are left free to grow 
extraperiosteally, pain is absent entirely 
or is much less severe. Clinical signs that 
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carcinoma of the breast, the likelihood 
that metastasis is present is far greater 
than that there is an inflammatory change 
in the bones in question. 

The roentgen diagnosis of osseous me- 
tastasis has been fully considered in the 
papers by Fraenkel; Pfahler;7? Pforringer; 
Schinz, Baensch and Friedl; Assmann;5 
Sicard, Belot, Coste and Gastaud; Sicard, 
Lermoyez and Laplane; Kienbéck, and 
George and Leonard, and will not be en- 


TABLE IV 


CONDITION OF PATIENTS WHO UNDERWENT PRIMARY EXAMINATION AT THE CLINIC 


carcinoma, cm. | 


are of assistance 1n making a diagnosis of 
malignant osteitis have been described by 
Risley, Schlesinger, Flatau, Op] 


and Ginsburg. 


venheimer 


Detinite diagnosis 1s established most 


easily and certainly by roentgen examina- 
tion. But one should always remember 
that metastasis may precede changes in 
the bones that are demonstrable in the 
roentgenogram, and that inflammatory 
osteitis may present a roentgen picture 
identical with that of metastasis. With a 
doubtful roentgenogram of the pelvis or 


spinal column and a previous or coexisting 


Not given 


2 Carcinoma 


Carcinoma 


6 by 4 \denocarcino 


Extent of 
involvement 
of axilla 


Report of 
O 
microscopic 


examination 


Carcinoma Graded 3 


2 by 3 Carcinoma None 
Not given 


Graded 3 Involved 


Small cell None 


carcinoma 


Graded 


> by 2 Carcinoma None 


large Scirrhous Graded 4+ 
carcinoma 
Carcinoma None 
] by 4 Graded 3 Graded 2 
Graded 3 or 4 
Graded 2 
Graded 4 


Carcinoma 


ma, graded 4 
§ by 2.5 Carcinoma Graded 2 
Carcinoma None 
4 by 4 Carcinoma, graded 4 Graded 2 
4 by 3 | Adenocarcino- Graded 4 


ma, graded 


larged on here. As one reviews the roent- 
genograms of the cases on which this paper 


is based, 


+* 


certain outstanding facts are 
disclosed. Most obvious is that the com- 
monest site of metastasis is the region of 
the sacroiliac joint; next in frequency is 
the sacrum, then the lumbar part of the 
spinal column, more uncommonly the 
femur, and rarest of all, the pubis. In no 
case was there a single metastatic area in 
one bone as the cause of pain. Involve- 
ment of one or more vertebrae often was 
accompanied by areas of metastasis in the 
innominate bone. No one patient had 
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metastatic lesions of approximately uni- 
form size; the variation was often from 
5mm. to §5cm. There was no relationship 
between the situation of the metastasis and 
the microscopic structure of the primary 
tumor of the breast in those cases in which 
the structure was definitely known. This 
group does not confirm the observation 
that rapidly growing carcinoma (graded 4) 
produces metastasis in which destruction 
of bone is noted exclusively, for mixed 
lesions were commonest. This type of 
tumor did not produce the greatest number 
of metastatic areas, nor did it appear that 
metastasis is commonest from scirrhous 
carcinoma. There was in the group con- 
sidered here no constant relationship be- 
tween the structure of the primary tumor 
and its metastatic vertebral and pelvic 
lesions as far as could be determined. In 
brief, this study bears out the well-known 
dictum that “the living world knows no 
constants.” In 2 cases, consideration of 
the metastasis alone did not permit dif- 
ferentiation of a lesion secondary to car- 
cinoma of the breast and metastasis from a 
prostatic primary carcinoma. The struc- 
ture of the pelvis and the sex of the patient, 
of course, cleared up all doubt. 

There was no relationship between the 
situation of the largest metastatic growth, 
as shown in the roentgenogram of the 
pelvis and the result of treatment, nor 
between the site of the growth and the site 
of the pain, nor between the site of the 
metastasis and the degree of pain. 

It is a strange clinical fact that pain 
from metastasis may exist in patients the 
roentgenographic examination of whose 
pelves gives negative results. This hap- 
pened in 8 cases in which treatment was 
given but which are not included in this 
series and the diagnosis was “arthritis” 
in 3 others. The difficulty of distinguishing 
malignant from inflammatory arthritis and 
osteitis is too well known to be other than 
mentioned. The negative data in the 11 
cases just mentioned, however, may be 
explained in either of two ways: (1) the 
pain may have been due to impingement 
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on the pelvic sensory nerves by lymph 
nodes that were transparent to roentgen 
rays but that were involved by metastatic 
carcinoma, and (2) the carcinoma cells, 
in their growth, may not have been ac- 
companied by a reaction which changed the 
density of bone, or the reaction may have 
been too slight to appear in the roentgeno- 
gram. Therefore, a negative roentgeno- 
gram does not exclude the possibility of 
metastasis as the cause of the symptoms 
in a given patient. 

The occurrence of pain in the right hip 
or thigh, irrespective of the site of the 
metastasis shown in the roentgenogram in 
31 of 40 cases in this series (2 patients had 
pain in the left hip only, and 7 in both hips 
is too high to be mere accident or coinci- 
dence. That such a high proportion of pain 
does occur on the right side is a fact not 
mentioned in any of the works | have 
reviewed. The explanation of such a phe 
nomenon is obscure and merits further 
neurologic investigation. The occurrence 
of right-sided pelvic or femoral pain in a 
patient who has or has had a carcinoma 
of the breast is a point to remember in 
making a differential diagnosis of osseous 
metastasis. 


TREATMENT 


Various methods of treating the pain of 
metastatic carcinoma of bone have been 
reported, but as a whole the patients who 
suffer from the unbearable agonies of ma 
lignant involvement of vertebrae and pelvis 
have been treated with analgesics and seda- 
tives. Joll stated: “Treatment will seldom 
be undertaken if the true secondary na 
ture of the tumor be recognized. It is 
perhaps a counsel of perfection to suggest 
that all bone tumors should be explored 
and examined microscopically before any 
radical operation is undertaken. As a rule 
the benefit to be expected from operations 
on secondary growth of the bones is but 
transitory.” The combination of increas 
ing doses of sedatives and supporting casts 


or braces adds but little to the comfort of 


the patient. Patey stated that treatment is 
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palliative only; sedatives, nursing, and 
jackets rarely give relief of pain. The con- 
trol of almost intractable pain in the lum- 
bar region, pelvis and lower extremity 
has been obtained by Peet through chor- 
dotomy in several cases. Some surgeons 
have reported success from epidural in- 
jection of the sciatic nerve (Mandl) and 
from ramisectomy. 

Since 1907, when Freund reported treat- 
ment of a patient with probable metastasis 
to the pelvis from carcinoma of the breast, 
the excellent results (amounting in some 
cases, as Kelly and Fricke stated, to al- 
most a resurrection) from roentgen therapy 
of osseous metastasis have been known. 
Strangely, this fact has not received wide- 
spread attention, for the literature con- 
tains few references to systematic studies 
on the subject. Matthews, in I91I 4S, could 
find no record of radiotherapy of second- 
ary malignant disease in bone. Isolated 
reports of benefit are common, and im- 
provement subsequent to radiotherapy 
of osseous metastasis is often mentioned 
incidentally, although many have re- 
ported excellent results in the treatment 
It is true that some 
authors have reported failures or indif- 
ferent Rahm, Jiingling, Flatau, 
Kaestle, and Carter) but as a whole they 


of one to five cases. 
results 


have been extremely encouraging, so much 
so, In fact, that Borak! 1243.14 stated that 
osseous metastasis is the most favorable 
field in the treatment of inoperable 


Car- 
cinoma. 


As in most fields of roentgen 


therapy, the technique and indications of 


treatment are largely individual to the 
therapist. 

Kor reasons that are not at all certain, 
the common opinion is that metastatic 
carcinoma of bone ts resistant to irradia- 
tion. It is surprising, therefore, in the 
light of such opinion, that some excellent 
results were 


obtained by moderate di- 


Even though recent litera- 
many 


patients’ 


vided doses. 
reports of 
conditions have been 
improved by high doses, the results are 
not so outstandingly superior as to justify 


ture contains 
which 


cases 1n 
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the abandonment of all but intensive 
high voltage treatments. Some authors 
have reported palliation from almost 


placebo doses of roentgen rays. 

Since the report of Freund, there seems 
to have been no report until the commu- 
nication of Pfahler.”* He cited 4 cases in 
which patients were greatly benefited 
by small doses of roentgen rays delivered 
through about thirty fields, cross-firing 
chiefly on the spinal column, “but, of 
course, reaching all other parts of the body 
as well.”” More recently he has been using 
moderate doses of high voltage roentgen 
rays and he reported 5 cases in which life 
was prolonged for from one to four years. 
Such results are interesting in the light 
of the investigation of Meyerding, Car- 
man and Garvin who, in 25 cases, deter- 
mined that life expectancy is on the aver- 
age four and seven-tenths months after 
the discovery of the metastasis. Jenkinson 
reported 3 cases in which patients were 
alive after three years, comparatively 
free from pain. He used high voltage 
roentgen rays, heavily filtered in moderate 
doses, and advised treatment in all such 
cases no matter how hopeless they may 
seem. Beck reported one case in which recal- 
cification followed high voltage treatment 
of the pelvis. Belot and Lepennetier ob- 
tained indifferent results in the treatment 
of their patients. Giles had 7 cases, in 
2 of which treatment was with high volt- 
age. Pop reported 4 cases treated with 
1.5 H.E.D. Palumbo treated 3 patients 
with 140 per cent H.E.D., according to 
the Seitz-Wintz technique, with indifferent 
results. Holmes mentioned one case in 
which the patient was improved by roent- 
gen rays of high voltage. Joly had a pa- 
tient in whom the roentgenogram gave 
evidence of recalcification of the seventh 
thoracic vertebra and freedom from pain 
seven months after treatment. Le Maitre 
obtained favorable results in one case. 
De Nabias reported one case of a patient 
successfully treated with radium.  Ja- 
cobs treated a woman with extensive 
pelvic and vertebral involvement who 
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two years later was free of syptoms. Hol- 
felder stated that he had a series of pa- 
tients who were improved by high doses 
(110 to 120 per cent H.E.D.). Schlesinger, 
Lee and Herendeen, Pancoast, Grier, 
and Ginsburg have reported frequent im- 
provement following treatment by roent- 
gen rays. Borak" reported 15 cases in 
which treatment was with about go per 
cent H.E.D.; in only 2 was there no effect. 

In the group of 40 cases reviewed here, 
32 patients were treated for relief of pain; 
8 were given placebo treatment, largely 
for its psychic effect. Of the 32 patients 
treated for relief of pain, in only 2 did 
the analgesia fail to appear. The period 
after treatment within which analgesia 
began was less than one day after treat- 
ment in 2 cases, two to three days after 
treatment in 12 cases, four days to a week 
after treatment in 8 cases, during the se- 
cond week after treatment in 9g cases, 
and in one case there was slight relief one 
week after the first treatment but definite 
relief did not come until the second course. 
The data are inconclusive, but in 14 
cases in which the relief of pain began from 
one to two weeks after treatment, the 
analgesia lasted two to four or more 
months, whereas in 17 cases the relief 
was more rapid, and lasted a shorter time, 
usually less than two months. There was 
no demonstrable relationship between the 
speed of onset of the relief from pain and 
its degree, and none between the time of 
onset of analgesia and its duration. In 
the 2 cases in which treatment failed, 
roentgenograms were positive for metas- 
tasis. I have no plausible explanation for 
the results in these cases. 

The technique of treatment in this 
group brings out some very interesting, 
yet puzzling, clinical facts. From the stand- 
point of doses alone, both moderate* and 
high voltage produced analgesia. The time 
after treatment of onset of analgesia was 


* “Moderate” voltage: 135 kv. (peak); § ma.; 40 cm. target- 
skin distance; 6 mm. aluminum filter; 30 to 35 min. exposure. 

“High” voltage: 200 kv. (peak); 5 ma.; 50 cm. target-skin 
distance; 0.75 mm. copper plus I mm. aluminum filter; 60 to 
80 min. exposure. 
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not markedly different whether one or 
the other technique was employed. In 
fact, after almost any dose of roentgen 
rays over an involved region some relief 
of pain resulted. Nevertheless, almost 
uniformly, analgesia of greater duration 
was produced by high voltage than by 
moderate dosage. The degree of relief 
of pain was not constantly associated 
with the dose of roentgen rays adminis- 
tered, for, paradoxically, great relief re- 
sulted occasionally from low doses of 
roentgen rays. Analgesia began in many 
cases, treated with either technique, on 
the second to the fifth day after treatment. 
On closer investigation it appears that 
those patients treated with subintensive 
cross-fire of the pelvis with high voltage 
and the thoracolumbar part of the spinal 
column with moderate voltage seemed to 
get greater and longer relief than those 
in whom only the pelvis or diseased verte 
bra was treated through a single field. 
Cross-fire was more generally effective than 
treatment through a single field. 

In considering results of treatment, 
there are two distinct phases to keep in 
mind: the symptomatic effect on the 
patient, and the organic changes in the 
lesion. That there is parallelism between 
them does not necessarily follow, as the 
reports of Desjardins and Ford, on the 
analgesic effects of roentgen rays, bring 
out. They, and others, have stated that 
analgesia results sometimes from destruc- 
tion by roentgen rays of inflammatory 
or neoplastic processes, which impinge on 
nerves. However, in a considerable num- 
ber of patients, such a mechanis! 
not come into play, and the assumption 
is that there is a direct effect of unknown 
nature on the nerve. There probably take 


place, therefore, three processes in relief 


of pain from osseous metastasis: destruc- 
tion of inflammatory and of carcinoma 
cells, and direct action on the nerves. 
To determine the effect of irradiation 
on a tumor, two factors are of fundamen- 


tal importance: an effectively large dose 


must be absorbed by the lesion, and suf- 
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ficient time must elapse after irradiation 
for the effect to manifest itself. Clinically, 
response to treatment is shrinkage of the 
tumor sometime after the tenth day in 
most cases, although the time relation- 
ships of the recession are by no means con- 
stant. Whether tumor reactions can be 
predicted from a logarithmic curve, as 
can skin reactions, according to an idea of 
“saturation,” is at present an unsettled 
question. Nevertheless, it is well known 
to therapists that regression of carcinoma 
taking place within a week after treatment 
is the great exception rather than the 
rule. 

In some of these cases, the analgesia 
apparently came on too soon (one to five 
days), after too small doses of roentgen 
rays, for the effect to be mainly due to 
destruction of tumor and relief of pressure 
on nerve filaments. It must therefore 
be assumed either that carcinoma of the 
breast metastatic in bone has a sensiti- 
vity exceedingly greater than has the 
primary tumor as a rule, or that some other 


effect is the basis for the production of 


early analgesia. 

In support of the first possibility 1s 
the work of Borak, Berven and others, who 
assigned an extremely high radiosensitivity 
to metastatic lesions in bone from carci- 
noma of the breast. 

Earlier in this paper it was stated that 
a noninfectious inflammatory reaction has 
been observed by many authors as the 
accompaniment of carcinomatous depos- 
itsin bone. The frequency of this phenom- 
enon is too great to be ignored. Although 
many have noted its presence, but have 
assigned toita role of noclinical importance, 
it is, nevertheless, the destruction of this 
infiltrate which probably plays the major 
part in the early production of analgesia. 

The great sensitivity of chronic inflam- 


matory processes to mocerate doses of 


roentgen rays has been established. The 
reports of | leidenhain anda Fried, of Pordes, 
Bauer, Hodges, Liebersohn, and many 
others, have shown the rapid regression 
of inflammatory lesions in all situations 
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following moderate 
rays. 


doses of roentgen 


To settle the question as to whether it 
is mainly the resorption of products of 
inflammation after treatment by roentgen 
rays that causes the significant symptoma- 
tic change would necessitate microscopic 
study of a metastatic region before and 
after treatment. Such is not feasible clinic- 
ally, but from the analogy of inflamma- 
tions elsewhere it seems probable that a like 
destruction of a similar process in bone 
would have the same course and sequelae. 
The destruction of the inflammatory tissue 
probably explains the onset of analgesia 
within the first week after treatment. 

In all cases in which treatment is given 
there takes place, coincidentally with the 
effect on the inflammation, an effect on 
the carcinoma. When the analgesic effect 
was slight, either there was little inflam- 
mation present, or the effective dose in 
the carcinoma was low. The malignant 
disease was merely slowed up, or the tissue 
only partly destroyed, and after a time 
the disease became active again. In those 
cases in which analgesia came on late 
(after more than a week), and was of long 
duration, the effect was probably on the 
carcinoma cells basically and on the in- 
flammatory cells incidentally. 

In some cases, almost complete anal- 
gesia of long duration followed treatment 
with high voltage. That such a technique 
is more effective than moderate voltage on 
deep-seated pelvic metastasis is a radiologic 
axiom. This leads to the supposition that 
radiation at high voltage produces more 
of an actual curative effect in the under- 
lying malignant process, and that moder- 
ate voltage is effective in giving sympto- 
matic relief by its action on concomitant 
inflammation. The course of events prob- 
ably is destruction of the inflammatory 
lesions first (and early), which produces 
analgesia lasting until the second week, 
when the reaction on carcinoma _ begins 
to manifest itself, giving “permanency” 
to the clinical result. 

It is not uncommon for a metastatic 


| 
| 
| 
| 
| 
| 
| 
| 
| 


670 


lesion to repair itself after treatment. Such 
recalcification is a slow centripetal process, 
appearing several months after treatment, 
and running a protracted course as indi- 
cated by roentgenographic examination. 
New bone may so completely replace meta- 
stasis that the detection of the site of the 
old lesion is well nigh impossible. That 
such is not an exceptional thing is attested 
by the reports of Pfahler,™* Joly, Borak," 
Ginsburg,®:** and others, who often saw 
restitution of bony contour following treat- 
ment by roentgen rays. 

Obviously, a report on curative effects 
of lesions such as those with which this 
paper is concerned is absurd. Nevertheless, 
the results obtained in more than go 
per cent of the cases dealt with in this 
paper in palliating for several months an 
apparently hopeless condition, which car- 
ries in its train excruciating and refractive 
pain, certainly make treatment by roent- 
gen rays worth while. But sooner or 
later roentgen therapy loses its initial 
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effectiveness. Usually one or two recur- 
rences of symptoms due to reactivation 
of the metastasis in bone may be handled 
successfully, but sooner or later all treat- 
ment is useless. 


SUMMARY 


Metastasis from carcinoma of the breast 
reaches the pelvic and vertebral bones, 
probably by a combination of aberrant 
and reflux spreads through the lymphatics 
and is often accompanied by an inflam- 
matory reaction of noninfectious origin. 
The most common symptom of such le- 
sions is pain in the right sciatic nerve. 
The distribution and type of metastasis 
in the group studied bore no relationship 
to the primary tumor. Treatment by roent- 
gen rays by an effect on both the inflam- 
matory and malignant cells in the meta- 
static growths, produces analgesia, often 
complete and of months’ duration, and 
is the best method of palliating a hopeless 
disease. 
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DEEP ROENTGEN-RAY THERAPY OF 
MAMMARY CARCINOMA* 


Il. FIVE YEAR RESULTS 


VALUE OF THE METHOD AS AN AUXILIARY TO SURGICAL PROCEDURES IN THE OPERABLE, 


AND AS A PRIMARY P 


By WILLIAM A. EVANS, M.D., 
Attending Roent; 


Harper Hospi 


ROCEDURE IN THE INOPERABLE CASES 


and T. LEUCUTIA, M.D., 
Associate Roentgenologist, 


Harper Hospital 


DETROIT, MICHIGAN 


A! THE Sixth Annual Meeting of the 
Central Section of the American 
Roentgen Ray Society, held in February, 
1925, in Detroit, we presented our first 
experiences with deep. roentgen therapy 
in carcinoma of the breast'. At that time we 
also gave in detail our method of procedure 
and the technique of irradiation in both 


the operable and inoperable cases and ar- 


A. Primary carcinoma, treated by com- 
bined surgery and radiation. 

B. Primary carcinoma, treated by radi- 
ation alone. 

c. Recurrent carcinoma following sur- 
gery, treated by radiation alone. 

According to the extension of the lesion 
at the time of the treatment the carcinoma 
was divided into five clinical groups. 


rived at the conclusion that roentgen 1. Small, single, freely movable car- 
therapy in its new, short wave length cinoma focus. 
TaBLe 

Class \ 
Grouy v\ 1 v | yearly total 

1922 19 2 2 2 | 11 9 61 

2 1d I 6 2 6 7 64 
Tota 4 2 
lot cases t t 


application, forms one of the most 


power- 
ful agents in the treatment of 


nammary 


carcinoma. The series included 173 cases 
treated between 1922 and 1924. 
In this present article we wish to give a 


“five 
year results’ obtained in the above series. 


detailed statistical account of the 


CLASSIFICATION 

In the first publication the 
classification of mammary 
followed: 


following 
inoma was 


11. Large, single or multiple carcinoma 
with involvement of the axillary lymph 
nodes. 

11. Extension of the carcinoma to the 
supra-, infraclavicular and cervical lymph 
nodes. 

tv. Thoracic (pleural, lung, mediastinal, 
or thoracic cage) extension. 

v. Abdominal and 
atous metastases. 


general carcinom- 

The distribution of the cases according 
to the method of treatment and stage of 
the disease is shown in Table 1. 


In comparing the above table with that 
i i arci! A APY, 
1925, 74, 135-148. published in 1925, the only change is the 
° Re ad at th » Thirt th Annual M ting, 4 Roentg« n Ray Society, New York City, Sept. 17-2 1929. 
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addition of two new cases, which at that 
time could not be classified with certainty 
but which later definitely proved to be car- 
cinomatous recurrences (both belonging 
to c 111), so that the total number of cases 
now reaches 175. 


All cases, with the exception of 9 
(5 per cent), were followed up. Six of the 
9 untraceable cases belong to Groups 
A 1 and A 1 which makes us believe that 
some of these patients must still be alive. 
This viewpoint is strengthened also by the 
fact that only recently two other cases 
which belong to the same group and which 
were thought to be lost have appeared for 
examination and were found to be entirely 
free of the disease. 

In figuring the percentages of the five 
year results in the present study, all 
patients who could not be located were 
included among the dead. It was also 
assumed that all patients dead have 
succumbed from cancer, although in several 
instances there was no evidence of car- 
cinoma of any kind at the time of death. 
Thus, the statistics shown below represent 
the most unfavorable figures under the 
circumstances. 

In the 65 cases of Groups a i and 11, 
the operation was either radical or semi- 
radical, and was followed by from one to 
three series of deep roentgen therapy. 
In the 6 cases of Group 4 111, the operation 
consisted in the removal of the breast and 
axillary tissues, the enlarged supra-, infra- 
clavicular and cervical lymph nodes being 
left intact. In the 10 cases of Group tv, 
the operation was purely palliative, being 
confined to the local removal of the tumor. 
In all these instances, as well as those of 
Groups B and c, extensive irradiation 
constituted the chief method of treatment. 


STATISTICAL RESULTS 
The three and five year results are 
as follows. 


A. In the cases operated upon and then 
irradiated. 


1. In carcinomas without involvement 
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( 
30 


of the axillary lymph nodes, 17 cases 


(Table 11). 


TABLE II 
Results 
A I Cases | Untraced —T 
3 years | 5 years 
1g22 3 4 | 4 
1923 4 I 2 | 2 
1924 9 I 7 ( 
Total 17 2 


| 13 12 


11. In carcinomas with involvement of 
the axillary lymph nodes, 48 cases. Here 
3 cases were eliminated; one, since death 
occurred from pneumonia one week fol- 
lowing the operation, and 2 cases, since 
not even the first series of irradiation could 
be completed (Table 11). 


TaBLe III 


Results 
All Cases | Untraced I— 
| 3 years | § years 
1922 18 | 2 13 
| 
1923 | II 
192 16 2 f 
| 
Total 45 | 4 28 21 


The above results were analyzed also 


with regard to age incidence (Table 11 
IV 
Results 
Age Cases | Untraced |- 
3 years § years 
| | 
20-30 3 | 3 
30-40 | +12 
40-50 | 27 3 16 12 
50-60 8 I | 5 3 
60-70 11 I | 8 8 
70-80 | | I 
Total 
otal 62 | 6 4! 


and the type of operation 


(Table v). 


performed 


| 
| 
| 


| 
| 
| 
| 
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\ 
| R » ts 
A I Cases — 
years years 
Radical operation 9 - 
Semiradical operation 6 
Total 17 13 12 
R ts 
All Cases 
} yeal ¢ years 
Radi al operation 26 1% 14 
Semiradical operatio 19 
Total 4 p] 21 
11.In carcinomas with involvement 


of the supra-, infraclavicular and cervical 


lymph nodes, 6 cases (Table v1 


TABLE VI 
R 
I Cases 
\ S rs 

I 
1924 2 
Te + 2 
1v-v. In carcinomas with generalized 


metastases, I cases Table VII 


radiation 


alone, in all stages, 18 cases (lable vin 


B. In the cases treated by 


eS. In cases of recurrence following oper 


ation and later treated by radiation. 
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TaB_e VIII 


| | Results 


| 
B | Cases Untraced — 
3 years 5 years 
I I I I 
II 2 2 2 
Il] I 2 I 
Iv-V I 
Total I 4 


1-11. In carcinomas, localized or involv- 
ing the axillary lymph nodes, 4 cases 
(Table rx). 


Results 


3 years | 5 years 


4 I I I 


1. In carcinomas with involvement of 
the supra-, infraclavicular and cervical 
lymph nodes, 24 cases (Table x). 


TABLE X 
Results 
III Cases | Untrac 
3 years 5 years 
1922 3 3 
1923 7 I 2 I 
1924 7 4 4 
Total 24 9 8 


1v—v. In carcinomas with distant metas- 
tases, 48 cases (Table x1). 


TABLE Xl 


Results 
| 3 years | 5 years 
1922 | 2 2 I 
1923 Ic I 2 I 
1924 I 
Total | 45 I 6 2 


| 
| 
TABLE IX 
I-II Cases | Untraced 

| 

| 

| 

‘| Vil 
R 
I \ \ : 
| + 
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DISCUSSION 

A. Of the cases treated by surgery and 
radiation 76.47 per cent (13 out of 17) 
have remained well for three years and 
70.59 per cent (12 out of 17) for five years, 
if the carcinoma did not spread to the 
adjacent lymph nodes, and 62.22 per cent 
(28 out of 45) and 46.66 per cent (21 out 
of 45) reached the three- and five-year 
period respectively, if the carcinoma in- 
volved theaxillary lymph nodes. If the oper- 
ation was radical, that is, if all of the breast 
the axillary tissues, including both pectoral 
muscles, were removed, the three- and five- 
year results remained the same, viz., 77.77 
per cent (7 out of g) in the cases without 
glandular involvement and they were 
69.23 per cent (18 out of 28) and 53.84 
per cent (14 out of 18) respectively, in the 
cases with involvement of the axillary 
lymph nodes. If the operation was semi- 
radical, that is, either the pectoral muscles 
were not removed or the whole axilla was 
left intact, the results were 75 per cent 
(6 out of 8) and 62.50 per cent (5 out of 8) 
respectively, in the cases without glandular 
involvement, and 52.63 per cent (10 out 
of 19) and 36.39 per cent (7 out of 19) 
respectively, in the cases with involve- 
ment of the axillary lymph nodes. The 
age incidence remained without influence 
on the final results. 

If one compares the above figures with 
those of the available surgical statistics, 
where no postoperative irradiation was 
used, two things immediately strike the 
observer: first, there is no noticeable im- 
provement from the addition of the radi- 
ation in the cases of carcinomas without 
glandular involvement above those ob- 
tained by surgery alone; second, in the 
cases where the carcinoma has already 
spread to the axillary lymph nodes, the 
results, through addition of radiation, 
were more than doubled. An explanation 
of these phenomena is easily obtained if 
one considers the purpose of the irradi- 
ation and the benefits resulting therefrom. 
On the basis of the present day technique 
employed in the postoperative irradiation 
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of breast carcinomas, it is quite logical 
to assume'that there should be no marked 
difference in the results obtained with or 
without roentgen treatment in the cases 
without glandular involvement. Since a 
radical operation has, or at least is sup- 
posed to have, removed all the tissues dis- 
eased, roentgen therapy could accomplish 
no more. Not so, however, in the cases with 
extension of the carcinoma tothe axilla, and 
as we shall see, also to the supra-, infracla- 
vicular and cervical lymph nodes. Here 
a thorough irradiation of the entire anterior 
thorax, axilla and neck often covers even- 
tual foci of carcinoma, which could not be 
foretold, and still less removed, at the time 
of the operation, no matter how extensive 
and radical the operation might have been. 
That this is so follows also from our 
statistical study of the results of the post- 
operative irradiation in different types of 
operation (Table v). If only a semiradical 
operation is performed but the patient ir 
radiated, the final resluts are more favor- 
able than when the operation is radical 
and no postoperative irradiation is used. 
It is essential, though, that in such instances 
the irradiation be carried out systemati- 
cally and over a period of longer duration 
(for at least three series at six to eight weeks’ 
intervals), in order to obtain the desired 
effect. The reason why, in our cases, the 
results of the irradiation in the semi- 
radical operations do not reach the same 
high standard as in the radical operations, 
is to be sought, at least partly, in the failure 
of several of the patients to return for a 
repetition of the treatment as advised. 
For the same reason, we believe that the 
best method of treatment is radical oper- 
ation, followed by a thorough course of 
irradiation. In our first publication we 
expressed the opinion that if the operation 
is radical, one series of irradiation 1s 
sufficient to entirely eradicate the remain 
ing carcinomatous foci, and that a repeti 
tion of the treatment is not necessary. 
Now we believe that it is wiser, and cer 
tainly safer, to repeat the treatment (with 
gradually attenuated doses) for at least 


| 
| 
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3 to 4 series, at from six to eight weeks’ 
intervals, in all instances. 

Of the cases with involvement of the 
supra-, infraclavicular and cervical lymph 
nodes, and in which the most radical oper- 
ation must necessarily remain incomplete, 
so per cent (3 out of 6) reached the three- 
year, and 33.33 per cent (2 out of 6) reached 
the five-year period. Of the Io cases 
with distant metastases, only one reached 
the three- and five-year periods. The 
average life duration of the case which 
died will be discussed later. 

B. We do not believe that a carcinoma 
of the breast should be primarily treated 


Ta 


11] Cas 
\ 
B 
( 2 
TABI 
I C: 
\ 
B 
C 


definite 
contraindications to operative procedure 


by irradiation—unless there are 


- therefore we shall not attempt to discuss 
this phase of the work. Table VIII, showing 
the results in the breast carcinomas of all 
stages primarily treated by radiation, 1s 
included merely as a matter of record. 

c. Of the cases which did not receive 
roentgen therapy following the operation, 
and which later recurred, only 4 belonged 
to Group 1. This number is too small to 
pern it adequate conclusions. 

( the 24 Cases which belong: 


III, 37.5 : 


to Group 
were well 
at the end of three years, and 33.33 per cent 
8 out of 24) were well at the end of five 


per cent (9 out of 24 


years. These figures coincide with those of 


Group A 111, and must be considered there- 


Average life duration after 


XIII 


Average life duration after 
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fore as the average result of all carcinomas 
of the breast already having involved the 
highest glands. 

Of the 51 cases with distant metastases, 
only 11.76 per cent (6 out of 51) reached 
the three-year period, and 3.92 per cent 
(2 out of 51) reached the five-year period. 

We also estimated the average life 
duration in the cases belonging to Groups 
111 and 1v—v who died, and found the 
following figures (Table x1). 

It appears thus that in Group m1, 
that is, in the cases with involvement of 
the high glands—even by discounting the 
patients still alive (20-33 per cent)—a 


BLE XII 


Average life duration since 
roentgen treatment onset of disease 


I yr. 7 mos. 3 yrs. 4 mos. 
2 yrs. 3 yrs. 9 mos. 
I yr. 6 mos. 4 yrs. 6 mos. 


Average life duration since 
roentgen treatment onset of disease 


I yr. I mo. 2 yrs. § mos. 
8 mos. 2 yrs. II mos. 


11 mos. 3 yrs. I mo. 


definite prolongation of life is obtained in 
all instances by the addition of roentgen 
therapy. The exceedingly high values for 
the total life duration in Group c are due 
to the fact that 4 cases are included in 
which the recurrence occurred five, seven, 
ten, and twelve years respectively, after 
the operation. 

In Groups 1v—v, that is, in the cases with 
generalization of the carcinoma, the aver- 
age life duration, as a whole, remains 
uninfluenced, and alleviation of the symp- 
toms is all that can be expected from the 
irradiation. 


SUMMARY 


Roentgen therapy, in its short wave 
length application, is of considerable aid in 


| 
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treatment of operable mammary carcino- 
ma as an auxiliary to surgical procedures. 
Whereas, in the cases without glandular 
involvement, the addition of irradiation 
does not seem to noticeably increase the 
five-year results above those of surgery 
alone, assuming, of course, that all the 
diseased tissues were removed, in the car- 
cinomas which had already spread to the 
axillary or the high thoracic lymph nodes, 
the five-year results are nearly doubled. 


William A. Evans and T. Leucutia 
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The best method of procedure is a com- 
bination of radical surgery with a thorough 
systematic irradiation of the entire ante- 
rior thorax, axilla and neck on the diseased 
side. 

In the inoperable or recurrent mammary 
carcinomas, roentgen therapy produces 
prolongation of life if the lesion is localized 
to the adjacent lymph nodes or anterior 
thorax and alleviates the symptoms if the 
carcinoma is already generalized. 


Ve 
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TRAUMATIC RUPTURE OF THE DIAPHRAGM 
CASE REPORT 
By L. F, WHEATLEY, M.D. 


NEW HAVEN, CONNECTICUT 


ASES of traumatic rupture of the dia- 

4 phragm are relatively infrequent. This 

case extended over such a long period of 

time, undetected, and the end-results were 

so satisfactory that it seemed worth while 
reporting. 


Patient was a male, aged thirty, weight 188 
pounds; occupation, general trucking business. 

In March, 1924, he was severely injured in 
an automibile accident, and among other in- 
juries, received four fractured ribs in the left 
hemithorax posteriorly. Roentgen examina- 
tion at that time (Fig. 1) apparently showed 
a hydropneumothorax, and a plate taken a 
week later (Fig. 2) showed a well-defined area 
of collapsed lung and an apparent increased 
height of fluid level. Aspiration of the chest, 
however, at this time, brought no fluid. The 
heart was somewhat displaced to the right. 

In 1926, two years later, re-examination of 
the chest (Fig. 3) showed an apparent re-ex- 
pansion of this lung as evidenced by the dis- 
appearance of the collapsed area seen in Figure 


2. At this time, the patient complained of 


Fic. 


Simulating a hydropneumothorax. 


slight dyspnea on exertion. He felt unable to 
work, was tired all the time, and had consid- 
erable insomnia, but no digestive disturbance. 


Fic. 2. Area of collapsed lung and apparent increase 
in amount of fluid. 


In June, 1927, because of continuance of 
dyspnea and general malaise, he consulted a 
prominent internist, who, upon examination of 
his chest, reported a pleural thickening from 
the old injury, but no other abnormal findings. 

In May, 1929, the patient experienced his 
first digestive disturbances. It will be noted that 
this was over five years from the time of the 
accident. At this time, he complained of consid- 
erable epigastric pain following meals. The 
pain was very severe at times. This was fre- 
quently followed by vomiting and eructations 
of large quantities of gas, after which he ex- 
perienced considerable relief. Appetite was 
good, but he was afraid to eat much because of 
distress following. He observed that he rested 
better if in the upright position, and frequently 
spent the entire night sitting upright in a 
chair. His bowels were quite regular, but he 
had lost 35 pounds in weight. Roentgen exami- 
nation of his chest at this time (Fig. 4) showed 
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Fic. 3. Apparent re-expansion of lung. 


large accumulations of gas in the left hemi- 
thorax through which the lung structure could 
not be discerned. This was bounded above by 
a dense fibrous band arising from the esopha- 
geal opening of the stomach, and extending up 
to the first interspace in the nipple line, where 
it was apparently lost. Roentgenoscopic exami- 
nation showed an upward excursion of this 
entire structure, synchronous with the right 


Fic. 4. Simulating pneumothorax, five years later. 
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diaphragm, but more limited in its excursion, 
The identity of these fibrous bands was consid- 
erably in doubt. It simulated somewhat a 
pneumothorax, but there did not appear to be 
evidence of much collapsed lung above this 
band. A lateral plate (Fig. 5) apparently 
showed an anterior leaf of diaphragm extend- 
ing upward and backward but not completed 
in the posterior leaf. A prominent roentgenolo- 
gist seen in consultation thought that this con- 
dition was probably a congenital absence of 
this left diaphragm, and that the band repre- 
sented thickened upper border of the stomach. 

Because of the onset of the digestive dis 


Fic. 5. Simulating anterior leaf of diaphragm, or 
upper thickened border of stomach wall. 


turbances, a gastrointestinal examination was 
made. This showed (Fig. 6) the barium flowing 
from the lower end of the esophagus into the 
stomach, which ascended into the thoraci 
cavity to the second interspace, definitely out 
lining the stomach. The dense band previously 
described as arising from the esophageal open 
ing did not appear at this time (Fig. 7) and was 
probably obscured by overlying barium in the 
stomach. The barium was observed, roentgeno- 
scopically, to empty rapidly from the stomach 
when the patient was in the upright position, 
but slowed down considerably with the patient 


supine, thus affording a ready explanation of 


his greater comfort sitting upright. A twenty 


| 
| 
| 
| | 
| 
| 
¥ 
ig 


VoL. XxIV, No. 6 


four hour plate (Fig. 8) showed the splenic 
flexure rising in the thoracic cavity. There is 
no portion of the diaphragm, as such, which 
could be definitely identified and it was because 
of this that there was thought to be a congenital 
absence of the diaphragm. 

In late September, 1929, this patient went 
to the Mayo Clinic, where he was operated on 
by Dr. Harrington. The report of the opera- 
tion is as follows: 

“Examination showed a left traumatic her- 
nia of the diaphragm which was movable and 
synchronous with the right diaphragm. On 
Sept. 29, a left phrenicotomy was performed 


Fic. 6. Barium passing through lower end 
gus into a thoracic stomach. 


of esopha 


and the nerve re-sutured with silk. On Oct. 2, 
an abdominal closure of the diaphragm was 
made. The entire stomach, all the transverse 
colon and greater omentum, a portion of the 
splenic flexure, several loops of small bowel and 
the spleen were found in the left thoracic cavity, 
herniated through a large opening in the dia- 
phragm which extended from the chest wall 
laterally to a point one-half inch from the eso- 
phageal opening. Many adhesions were found 
between the stomach and the lungs as well as 
between the diaphragm and lateral chest wall. 
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Heart dis Rt: 


Fic. 7. Stomach and colon in thoracic cavity. 


The lung was completely collapsed. The open- 
ing in the diaphragm measured 20 cm., which 
was closed by plastic over-lapping. The stom- 
ach was enormously dilated and thick walled 
as was also the transverse colon.” 

The patient made a rather stormy convales- 
cence, but returned home in January in robust 
health, after spending fourteen weeks in the 
hospital. He is now free from his attacks of 
pain, eats his meals regularly and has gained 
$0 pounds in weight. 


Reviewing these plates in the light of 
the operative findings then, we find that 


Fic. 8. Splenic flexure in thoracic cavity. 
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Fic. 9. Complete re-expansion of left lung following 
operation. 


the ruptured leaves of the diaphragm were 
merged with the thickened walls of the 
stomach and the lateral chest wall by ad- 
hesions to so great an extent that they had 
lost their identity as such, thereby giving 
rise to the mistaken diagnosis of congenital 
absence of the diaphragm. 

There was an initial pneumothorax, with 
lung collapsed up to the inner third of the 
second interspace. This lung did partially 
re-expand, as seen on the plate taken one 


Fic. 10. Posterior leaf of right diaphragm. 
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we: 


Fic. 11. Posterior leaf of left diaphragm seen aly 
that of the right. 


year later, but according to the surgical re 
port of the operation, it was again found 
completely collapsed. 

An interesting feature in this case is the 
freedom from gastric disturbances over a 
period of five years following the accident, 
though there was a progressive decline i 
health during this period, during al 


e in 
| of 


which time, the stomach and a considerable 
portion of the bowels were in the thoraci 


Fic. 12. Stomach and small intestine in normal 
position. 
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cavity. This absence of gastric symptoms 
was largely responsible for our having 
overlooked the true situation for so long 
a period. Even after discovering this fact, 
the condition was still obscured because 
of the loss of identity due to the diaphragm 
having become merged with the walls of 
the stomach and lateral chest. The com- 
plete re-expansion of the lung (Fig. g) after 
a collapse extending over five years during 
which dense adhesions had formed is of 
interest. This also shows a completely re- 
paired diaphragm. It is difficult to imagine 
that there had ever been a rent of eight and 
one-half inches in this diaphragm, so perfect 
is the repair. The only clue is the somewhat 
inhibited excursion involving the posterior 
leaf as seen by comparing Figures 10 and 
11, lateral plates, Figure 10 showing the 
appearance on moderate inspiration and 
Figure 11 on deep inspiration. 


Gastrointestinal examination upon his 
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Fic. 13. Colon restored to normal position. 


return (Figs. 12 and 13) shows the entire 
abdominal contents, stomach, bowel, and 
so forth, restored to their normal position. 
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DIVERTICULUM OF THE DUODENUM PERFORATED 
INTO THE PANCREAS 
REPORT OF CASE 


By JOSEPH H. LUCINIAN, M.D. 
From the Department of Roentgenology, Victoria Hospital 
MIAMI, FLORIDA 


ERFORATION of a duodenal divertic- 

ulum into the pancreas in which the 
diagnosis was made by roentgen examina- 
tion is thought to be of sufficient rarity 
and interest to warrant reporting the fol- 
lowing case: 


A. C. J., a married, white woman, aged 
thirty-six, was referred, Dec. 31, 1927, from 
the surgical service of Dr. John A. Simmons, 
for roentgen examination of the gall-bladder. 
The clinical diagnosis was cholecystitis. Her 
chief complaint was pain in the epigastrium of 
eight years’ duration. The family and past 
history was negative. The present history 
dated back eight years at which time she began 
to have attacks of sharp pain in the epigas- 
trium, at first long intervals apart, but gradu- 
ally becoming more frequent. At no time did 
the pain radiate to the right shoulder or the 
spine. There was no history of vomiting, 
hematemesis or blood in the stools. No relation- 
ship could be elicited between the attacks and 
the taking of food. Sodium bicarbonate gave 
inconstant relief. There were periods of varying 
length in which she was entirely free from pain. 
At times the attacks would come on at night 
to wake her from sleep. 

Roentgen examination by the Graham test 
showed evidence of chronic cholecystitis as- 
sociated with cholelithiasis. Examination of 
the stomach was not requested. Cholecystec- 
tomy was done and about sixty small gallstones 
were recovered. The patient was discharged 
as cured. 

Two years later, Dec. 7, 1929, the same 
patient was referred by Dr. S. E. Chambers 
for roentgen examination of the gastrointestinal 
tract. Her chief complaint at this time was 
indigestion and pain in the epigastrium. She 
was relieved from pain and distress for a short 
period after the operation but these returned, 
identical in intensity and character. There 
was no history of hematemesis or relief from 
taking of food. The clinical diagnosis was 
duodenal ulcer. 


Roentgenoscopic examination showed no 
delay, spasm, relaxation or regurgitation in the 
esophagus. There was no evidence of organic 
lesion in the stomach. The pylorus and the 
duodenal bulb showed no deformity and were 
not tender. On deep palpation there was an 
area of exquisite tenderness bounded by the 
loops of the first, second and third portions of 
the duodenum. The patient felt faint. An 
attempt was made to force the contrast meal 
in the horizontal loop of the duodenum back 
towards the bulb when a large globule of 
barium “shot” out from the lumen of the duo- 
denum and filled an ovoid sac, about 1 cm. in 
diameter. The sac was connected with the 
lumen of the duodenum by a short, narrow 
neck. Its dependent portion was not round as 
seen normally in diverticula elsewhere but 
pointed down and appeared to dip into the 
head of the pancreas. The area of exquisite 
tenderness corresponded exactly to this area. 
At the end of five hours the stomach and small 
intestines were completely empty but the sac 
was still filled with barium. The roentgen 
diagnosis was duodenal diverticulum perforated 
into the head of the pancreas. This was con- 
firmed by the surgeon who found the neck of 
the diverticulum opening into the duodenum 
just proximal and posterior to the entrance of 
the common bile duct. It had perforated into 
the head of the pancreas and was walled off by 
inflammatory tissue. The sac was resected, the 
stump inverted and closed with purse string 
sutures. The patient made an uneventful re- 
covery. A month later a_roentgenoscopic 
examination showed total absence of the sac 
and its neck. There was no seepage of barium 
from the lumen of the duodenum. The patient 
was entirely free from all symptoms. 


DISCUSSION 


Diverticula of the duodenum are usually 
primary or congenital. Asa rule they oc 
cur singly. Rarely they give rise to symp- 
toms or signs. They are almost always 
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Fic. 1. The barium-filled sac of the duode 


nal diver- 
ticulum and its connection with the duodenum are 
well shown. 


overlooked, not only by the clinician but 
by the surgeon as well and are discovered 
by the roentgen ray accidentally. Some- 
times, they are inflamed, producing diver- 
ticulitis, in which instance they give rise 
to signs and symptoms suggestive and even 
pathognomonic of duodenal ulcer. Lesions 
of the gall-bladder and duodenum may be 
associated with it. When large or surround- 
ed by inflammatory adhesions producing 
partis il obstruction vomiting is a prominent 
sign. Perforation must be a rare compli- 
cation. No report of such a case in the 
American literature has come to my atten- 
tion. True diverticula should not be con- 
fused with secondary dilatations or pouch 
formations as the result of duodenal stasis, 
perforated and encapsulated duodenal ul- 
cers or traction pouches formed by adhe- 
sions. 
CONCLUSIONS 


The following points are worth stressing: 
It is often impossible to make abso- 
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lute, clinical differentiation between lesions 
of the gall-bladder, stomach and duode- 
num, and sometimes of the appendix. 

A case of duodenal diverticulum per- 
forated into the head of the pancreas is 
here reported in which the finding of gall- 
stones was coincidental and not the true 
cause of the patient’s complaint. Proof of 
this is the persistence of pain and distress 
after cholecystectomy. 

3. Duodenal ulcer was simulated by the 
relief of pain following administration of 
soda bicarbonate. It is obvious that re- 
gardless of how long the patient was medi- 
cally treated for ulcer her condition would 
not have been relieved. 

The appeal for thorough roentgen ex- 
en ah is well justified in all obscure, 
upper, gastrointestinal disorders. Discov- 


ery of the true cause will amply reward the 
roentgenologist for his systematic and 
painstaking search, provided these obscure 
lesions are constantly borne in mind. 


Fic. 2. The stomach and the small intestines are 
empty but the sac is still full and its neck clearly 
outlined. 
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CONCERTED ACTION IN THE FIGHT 
AGAINST CANCER 


T IS generally conceded that the death 

rate from malignant disease now holds 
second place in mortality statistics, being 
next to cardiac disease and its associated 
conditions in frequency. Despite improved 
methods of treatment with resulting gain 
in the number of cures, the increasing inci- 
dence of malignancy is more than keeping 
pace. Better palliative results will not re- 
duce final death rate, although they are of 
inestimable value. The increasing incidence 
and mortality must be fought by even 
greater percentages of actual cures. Every- 
one who has made a study of the subject 
agrees that there are only three points of 
attack to bring this about: still further 
improvement in the techniques of our pres- 
ent methods, a more widely executed early 
recognition of malignancy and _ research 
which will lead to a better understanding 
of neoplastic disease, and a discovery of its 
cause and possibly the elaboration of some 
new and successful form of treatment. 

From another point of view, cancer and 
allied conditions comprise a very important 
economic problem under existing circum- 
stances. The patient must submit to ex- 
pensive methods of treatment if he is to 
pay his own way. He is very often deprived 
of his ability to work for a variable period 
of time, depending upon the kind and dura- 
tion of treatment necessary and the chances 
of recovery. His family is often made 
responsible for his care and even his sup- 
port. If he must become an object of char- 
ity, some institution must assume the cost 
of expensive treatment and even his keep 
and care for a variable time. No other 
disease requires such costly and complex 
methods of treatment. Cancer is not a con- 
dition which can be ameliorated or cured 


by changed hygienic conditions or modes 
of living. 

It is most gratifying to know that a semi- 
organized fight against malignancy has 
been started by a host of individual units. 
National, state and local medical societies, 
and state and municipal health boards 
have had their interests aroused and are 
doing much good work. Even the Federal 
Government has shown signs of interest. 
Concerted action to bring about the great- 
est possibilities must originate from defi- 
nite preconceived plans which have been 
worked out carefully and judiciously. Two 
medical groups, the American Society for 
the Control of Cancer and the Committee 
on the Treatment of Malignant Disease of 
the American College of Surgeons, have 
formulated basic plans which seem rational 
as a basis for future organized work. Their 
recommendations do not conflict with but 
make use of the groups or individuals who 
are working on the cancer problem at the 
present time. The recommendations of 
the two bodies are quite similar in essential 
or major details. We as radiologists must 
play a most important part in the success 
of treatment and we must direct every ef- 
fort toward the most advantageous use of 
the means at our command. At the same 
time we must realize that we are but indi- 
vidual members of larger groups engaged 
in a work which requires concerted action. 

In 1927, the American Society for the 
Control of Cancer appointed a committee 
composed of Drs. Ewing, Greenough and 
Gerster to investigate the methods of treat- 
ment of cancer in this and other countries 
and to offer a report upon the methods in 
general and suggestions for the betterment 
O 


f the handling of cancer patients. Their 
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recommendations,’ especially in regard to 
group methods, are worthy of our atten- 
tion, and will be presented in abstract form, 
with modifications and comment. 

Cancer treatment and research work is 
now being carried out and can continue to 
advantage under the auspices of the fol- 
lowing agencies: 


1. Cancer institutes or special cancer 
hospitals, under state, municipal or private 
organization. 

2. Organized cancer services in general 
hospitals. 

3. Unorganized cancer services in general 
hospitals. 

4. Private or unattached physicians, sur- 
geons or radiologists. 

5. Cancer homes. 


1. Cancer Institutes. This is generally rec- 
ognized as actually or potentially an ideal 
organization for dealing with the prob- 
lem from all angles. The Memorial Hospi- 
tal in New York City and the State Insti- 
tute for the Study of Malignant Disease 
in Buffalo are excellent examples. It has 
been suggested that at least two such insti- 
tutes should be established in each large 
state and so located as to make them ac- 
cessible to the greatest possible number of 
patients. The accumulation of a staff cap- 
able of caring for all of the problems from 
the standpoint of skill, efficiency and ex- 
perience may or may not require location 
in a medical center, though it will usually 
be desirable. Such institutions require 
heavy endowments. Sufficient money is 
of paramount importance, and without it 
the problem cannot be attacked in a satis- 
factory manner. Such an institution must 
be represented on its staff by a general sur- 
geon, an oral surgeon, a gynecologist, urol- 
ogist, internist, dermatologist, laryngolo- 
gist, radiologist, pathologist and physicist, 
for one or more of these specialists must be 
concerned in the treatment of every case. 
There must be acomplete laboratory serv- 


1 Ewing, J., Greenough, R. B., and Gerster, J. C. A. The medi- 
cal service available for cancer patients in the United States; 
suggestions for itsimprovement. 3. 4m. M. Ass., 1929, 93, 165- 
169. 
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ice with the appropriate personnel, which 
may have to include a biologist and a bio- 
chemist. There must be an adequate cler- 
ical force, and social and educational sery- 
ices should be incorporated in the working 
force. Roentgen-ray and diathermy equip- 
ment must be complete and of the best, 
and must be kept up-to-date. A sufficient 
quantity of radium is most essential. 

Such an institute may be advantageously 
affiliated with a university, but most of us 
cannot but agree that complete university 
control is often undesirable. 

Cancer hospitals without the complete 
organization and equipment of the insti- 
tute plan are not so efficient and may re- 
quire affiliation with an institute or cancer 
research laboratory. 

2. Organized Cancer Services or Clinics 
in General Hospitals. Such a service may 
have the organization and equipment of 
an institute on a smaller scale, but this is 
not often the case. It should have some 
affiliation, if possible, with an institute. Its 
success or failure will depend upon its staff, 
clerical force, equipment available, its 
source of funds, and, above all, upon the 
good will and cooperation of the entire 
institutional staff. It should have referred 
to it and have the disposition of all malig- 
nant cases admitted to the institution. The 
frequent friction created by those outside 
the service or clinic who are loath to give 
up what they regard as their inherent right 
to the treatment of certain cases is always 
detrimental to the greatest good to the 
patients. 

3. Unorganized Cancer Service in General 
Hospitals. This is probably the most 
frequent type of organization engaged in 
the treatment of malignant disease. Most 
of us, as radiologists, play a part in the 
department which deals with the radio- 
logical problem in such institutions. Often 
the complete handling of a case may be 
carried out to entire satisfaction in that 
department, but a large number of the 
patients are referred for radiological treat- 
ment from the other members of the insti- 
tutional staff. The success of treatment 
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under these circumstances will depend upon 
the skill and experience of the clinical and 
laboratory members of the staff, and the 
spirit of cooperation in the institution, 
on the one hand, and on the other, upon 
the radiological staff and their equipment. 
The latter must be of the best, which it 
very often is not, as many hospitals do 
not realize the importance of this feature. 


There should be an adequate supply of 


radium, sufficient to care for all cases re- 
ferred to the institution for such treatment. 
A proper endownment will be frequently 
necessary to keep such a departm ent ade- 
quately equipped because it bears the brunt 
of expense from many other services of the 
hospital. The members of the radiological 
staff, at least, should be affiliated, if possi- 
ble, with a group one or two institution. 

The Committee on the 
Malignant Disease of the American Col- 
lege of Surgeons, having been entrusted by 
the Board of Regents, in 1929, with the 
task of perfecting details leading to the 
promotion of cancer service in this coun 
try,” has pledged itself to attempts for the 
betterment of organization and equip- 
ment in both organized and unorganized 
cancer services in general hospitals. It 
would seem that the promotion of these 
groups offers the best method of attack in 
the immediate future. 

The American Medical Association, 
through its Council on Medical Education 
and Hospitals and a Committee in Radi- 
ology and Roentgenology is working toward 
the standardization of departments of ra- 
diology in hospitals. 

It would certainly seem advisable to 
persuade institutions to improve their ra- 
diological departments to a required stand- 
ard or to limit the work of those depart- 
ments to the treatment of only such cases 
as they can care for adequately. 

4. Private Physicians, nd Ra- 
diologists. It is highly desirab le - it such 
individuals have the proper skill and ex- 
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2 Organization of service for the diagnosis ind treatment of 
Recommended by Committee on the Treatment of 
Malignant Disease, American College of Surgeons. Surg., Gynec. 
& Obst., October, 1930, 57, 570-574. 
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perience in handling cases coming within 
the province of their line of work. They 
should not have single track minds but 
should always be willing to seek coopera- 
tion where it is distinctly to the patient’s 
advantage. Many individuals coming un- 
der this classification have affiliations with 
either group one or two institutions, which 
is to the mutual advantage of themselves 
and their patients. 

5. Cancer Homes. Such institutions ful- 
fill urgent needs. They serve to best ad- 
vantage when affliated with institutions 
whereby the usual advanced cases can be 
furnished with adequate palliative and 
occasionally curative treatment and where 
experienced cooperation may be obtained, 
various studies in an important field pur- 
sued on what are often ideal types of cases, 
and autopsy material used to good ad- 
vantage. The cancer home, even with its 
“comforts of home,” but without being 
able to give its inmates every chance, and 
without furnishing the proper opportuni- 
ties for study of the disease, fails lament- 
ably in its broader service to mankind. 

Both the American Society for the Con- 
trol of Cancer and the American College 
of Surgeons, through its Committee on 
the Treatment of Malignant Disease, De- 
partment of Clinical Research, are ready 
to assist in many ways in the promotion of 
cancer clinics in general hospitals, either 
in the organized form such as group two or 
as a cancer diagnostic clinic. The latter 
form may be defined as a group usually 
connected with an institution in a smaller 
community where there are sufficient pro- 
fessional skill and resources for a diagnostic 
clinical service but modern roentgen-ray 
equipment and especially radium are not 
available. Such a body should be repre- 
sentative of as many specialities concerned 
in cancer treatment as possible. The func- 
tion of such a group would be somewhat as 
follows: 


To encourage outside practitioners 


who are not so familiar with malignant dis- 
ease to bring their patients to the clinic. 
To provide a more certain diagnosis. 
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3. To offer group judgment on the best 
method of treatment. 

4. To advise the physician bringing the 
case as to the best course to pursue. 

5. To educate the local medical profes- 
sion and the public. 

The Cancer Research Laboratory is cap- 
able of much valuable research work and 
such organizations are worthy of being fos- 
tered in various medical centers. Well- 
known examples are the ones connected 
with Columbia University and the Rocke- 
feller Institute. Naturally they require 
adequate endowments. 

Among all of the various organizations 
now actively engaged in the fight against 
cancer, and especially those doing research 
work, there is considerable duplication of 
effort. In order to obviate this waste of 


De EMBER, 


time, energy and the resulting expense, a 
subcommittee of the Senate Committee 


on Commerce, during the last session of 


Congress, invited several men interested in 
cancer to meet with them for the purpose 
of formulating a bill for presentation to 
Congress authorizing the Surgeon General 
of the United States Public Health Service 
to make a survey of the entire subject simi- 
lar to those made by the two medical or- 
ganizations previously mentioned. Repre- 
sentatives from both organizations were 
present. Naturally the Surgeon General’s 
office would be a very valuable coopera- 
tive body and could act as a clearing 
house where valuable data would be avail- 
able, without duplication of expensive in- 
vestigation. 
Henry K. Pancoas1 
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SOCIETY PROCEEDINGS, 
AND NEWS 


ted promptly after the events to 


CORRESPONDENCE 


whi h they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. John T. 
Toledo, Ohio. 
Thirty-second annual meeting: Atlantic City, N. Be 
I9g3I. 


Murphy, 421 


AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Albert Soiland, 1407 S. Hope St., Los 
Angeles, Calif. 
Annual Meeting: Philadelphia, 1931. 

SECTION ON RapIoLocy, AMERICAN MEDICAL ASSOCIATION 


Secretary, Dr. G. W. Grier, Jenkins Arcade, Pittsburgh 


Pa. 
Annual meeting: Philadelphia, June 8-12, 1931. 
RADIOLOGICAL SocIETY OF NortH AMERIC 
Secretary, Dr. I. S. Trostler, 812 Marshall Field Annex, 
Chicago, Ill. 
Sixteenth annual session: Los Angeles, Calif, Dec. 1-5, 
1930. 
RADIOLOGICAL Section, Los ANGELES 
SocIETY 


Secretary, Dr. Orville N. Meland, 1407 S. Hope St., Los 
Angeles. 


Meets on the third Wednesday of nth at the 
California Hospital. 

RADIOLOGICAL SECTION, SOUTHERN MeEpi ASSOCIATION 
Secretary, Dr. W. S. , M Arts Bldg., 
Memphis, Tenn 

BuFFALo RaDIOLoGICcAL Ty 
Secretary-Treasurer, Dr. yvseph S. Gia unceschi, 61 
Niagara St. 

Meets second Monday of each month ex t during the 
summer months, the place of meeting t selected by 
the host. 

ROENTGEN Socit 
Secretary, Dr. George M. Landau, 660 Groveland Park. 
Meeting second Thursday of each month October to May 


inclusive at Virginia Hotel. 
CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Srauss, 518 Medical Arts Bldg. 
Meetings are held at 6:15 P.M. at the Cl 
ber of Commerce Club rooms on the fourth Monday 
each month from October to April, in 
Detrroir RoENTGEN Ray AND Rapium SOCIETY 
Secretary, Dr. E. R. Witwer, Harper Hospital. 
Meets monthly on first Thursday from October to May 
at Wayne County Medical Society Building. 
CENTRAL ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. H. C. Kariher, Decatur, Illinois. 
Regular meetings held quarterly. 
INDIANA ROENTGEN SOCIETY 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. 


Annual meeting each February 22 in Indianapolis 


land Cham 


MILWAUKEE ROENTGEN Ray Society 


Secretary, Dr. J. E. Habbe, 221 Wisconsin Ave., Mil- 

waukee. 

Meets first Friday in October, December, February and 

April. 

Place of meeting designated by the president. 

MINNESOTA RADIOLOGICAL SOCIETY 

Secretary, Dr. L. G. Rigler, University Hospital, Min- 

neapolis, Minn. 

Next meeting to be announced. 

New ENGLAND RoENTGEN Ray Society 

Secretary, Dr. Thomas R. Healy, 370 Marlboro St., 

Boston, Mass. 

Meets monthly on third Friday, Boston Medical Library. 

New York ROENTGEN SOCIETY 

Secretary, Dr. J. Bennett Edwards, Englewood Hospital, 

Englewood, N. J. 

Meets monthly on third Monday, New York Academy 

of Medicine, at 8:30 P.M. 

New York RoeEntTGEN Ray Society 

Secretary, Dr. D. S. Childs, 316 Gurney Bldg., Syracuse, 

Three meetings a year—April, August and November. 

Paciric Coast RoENTGEN Ray Society 
Secretary, Dr. Harold B. Thompson, Seattle, Wash. 
Two meetings a year. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. W. E. Reiley, Clearfield, Penna. 
Next meeting, Penn. McKee Hotel, McKeesport, Pa., 
May 13-14, 1931. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Karl Kornblum, 3400 Spruce St. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.m., in Thomson Hall, College 
of Physicians, 19 S. 22d St. 

RocHEsTER RoenTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Camp C. Thomas, 476 Lake Ave. 

Meets monthly on the first Friday evening at 7:45 at the 
Rochester Medical Association Building. 

Sr. Louis RoENTGEN CLuB 
Secretary-Treasurer, Dr. L. R. Sante, Missouri Building. 
Meets first week of each month. Time and place of meet- 
ings designated by president. 

[Texas RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. C. P. Harris, Houston, Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. 

University oF MicuiGAn RoentGEN Ray Society 
Secretary, Dr. D. M. Clark, University Hospital, Ann 
Arbor, Mich. 

Meets every Wednesday evening from September to 
July, at 7:30 o'clock in the amphitheatre of the Univer- 
sity Hospital. 


* Secretaries of societies not here listed are requested to send 


the necessary information to the Editor. 
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Virornta RoentceN Ray 
Secretary, Dr. Wright Clarkson, 205 S. Sycamore St., 
Petersburg, Va. 
Next meeting, to be announced. 


CuBa 

SociEDAD CuBANA DE RADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Francisco Padron, Enrique Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 

BritisH Empire 

British InstiruteE OF RapioLocy INCORPORATED WITH 
THE RONTGEN SOCIETY 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 p.M., at 32 Welbeck St., 
London, W. 1., or as advertised. 

ELectro-THERAPEUTIC SECTION OF THE RoyAL Society 
or Mepicine (ConrinepD to Mepicat MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:30 P.M. at the Royal Society of Medicine, 1 
Wimpole St., London, W. 1. 

Section oF Raprotocy anD Mepicat Etecrriciry, Aus- 
TRALASIAN Mepicat ConGress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British Mepicat AssociaTION 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
St., Melbourne, Australia. 

Meets monthly at Melbourne during the winter. 

SecTIon on RaproLocy, CANADIAN MEDICAL AssOclIATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 

RaDIoLocicaL Section, NEw ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ- 
church. 

Meets annually. 


ConTINENTAL Europe 
BELGIAN Society OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 
Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 
SociETE DE RapioLtocie DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
Société SuissE DE RADIOLOGIE (SCHWEIZERISCHE RONT- 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molzgasse, 
Biel. 
Meets annually in different cities. 
Société FRANCAISE D’ELECTROTHERAPIE ET DE RapiIoL- 
ocie MEpIcALe. 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 
AssociATION OF GERMAN ROENTGENOLOGISTS AND RapI- 
OLOGISTS IN CzECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11/52. 
DeutscHeE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FOR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 
Meets annually in April, alternating one year in Berlin, 
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one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

unp WEsTDEUTSCHE RONTGENGESELLSCHAF1 
Meets annually in different cities. 

Norpb- unD OstDEUTSCHE ROENTGENGESELLSCHAF1 
Meets annualy in different cities. 

Dutcu Society oF ELEcTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Socreta RaproLocia MepIca 
Secretary, Professor M. Ponzio, University of Turin, 
Turin. 

SocrETATEA RoMANA DE RaDIOLoGIE st ELECTROLOGIE 
Secretary, Dr. Nicolae Busila, 44 Elizabeta Blvd., Bu- 
carest. 

Meets second Monday in every month with the excep- 
tion of July and August. 

A.t-Russtan RoenTGEN Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RoENTGEN Ray Soctretry 

Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 


and 


Meets monthly on the first Monday at 8 o’clock in the 
State Institute of Roentgenology and Radiology, Lenin- 
grad. 

Moscow RoentGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 


Konobejevsky. 
Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.isH Society oF RADIOLOGY 
Secretary, Dr. A. Elektorowicz, 19 Hoza St., Warsaw. 
Meets annually. 

Warsaw Section, Society or RADIOLOGY 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertim 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol 
lowing societies, with exception of the Denmark Soci 
meets every second month except in the summertime: 

Society oF Mepicat RapioLocy or SWEDEN 
Meets in Stockholm. | 

Society oF Mepicat Rapio.tocy 1n Norway 
Meets in Oslo. 

Society oF Mepicat Rapio._ocy DENMARK 
Secretary, Dr. O. Wissing, Copenhagen. 
Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o'clock in the State 
Institute of Roentgenology. 

Society oF Mepicat RapIoLocy IN FINLAND 
Meets in Helsingfors. 

VIENNA Society OF ROENTGENOLOGY 
Secretary, Professor Holzknecht, Vienna, 1x, 
Hospital. 

Meets on the first Tuesday of each month from October 
to July. 


General 
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MINNESOTA RADIOLOGICAL 
SOCIETY 
A meeting of the Minnesota Radiological 
Society was held at the University Hospital 
Minneapolis, Minn., on October 25, 1930. 
The following program was presented: 
“Roentgen Studies on the Onset of Lobar 
Pneumonia” by Walter H. Ude, M.D., 


Minneapolis. “‘Childhood Tuberculosis” 
by Malcolm B. Hanson, M.D., Minne- 
apolis. ““LLympho-epithelioma” by A. U. 
Desjardins, M.D., Rochester. \ir Injec- 


tion in the Diagnosis of Lesions of the 
Colon” by Harry M. Weber, M.D., ““Roent- 
gen Therapy in Carcinomatous Metastases 
to Bone” by K. W. Stenstrom, Ph.D., and 
L. G. Erickson, M.D. 

An informal dinner was held at the Town 
and Country Club, Dr. W. A. O’Brien 
acting as toastmaster. The Society was 
honored by the presence of two distin- 
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guished guests, Dr. James L. Martin of 
Dallas, Texas, and Dr. Bernard H. Nichols 
of Cleveland, Ohio. The following papers 
were presented: “Significance of Small 
Intestinal Gas in the Diagnosis of Bowel 
Obstruction” by Edward Schons, M.D., 
St. Paul. “Clinical and E xperimental Stud- 
ies on Intestinal Obstruction” by Owen 
H. Wangensteen, M.D., Minneapolis. “In- 
travenous Urography” by Bernard H. 
Nichols, M.D., Cleveland, Ohio. 

At the business meeting new officers were 
elected for the coming year as follows: 
Dr. B. R. Kirklin of Rochester, President; 
Dr. Gage Clement of Duluth, Vice-Presi- 
dent, and Dr. Leo G. Rigler of Minneapolis, 
Secretary-Treasurer. 

The time and place of the next meeting 
will be decided by the Executive Commit- 
tee at an early date. 


Leo G. Secretary 
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BOOK REVIEWS 


Books Rronleel Are Acknowledged under Heading: Bests Recta. This must t be viel as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interests of our readers and as space permits. 


Das UtcusproBL—emM IN LICHTE MODERNER 
RONTGENFORSCHUNG. Von Priv.-Doz. Dr. 
H. U. Albrecht, Oberarzt der medizinischen 
Universitats-Klinik, Frankfurt a. M. Paper. 
Price, M. 10. Pp. 79, with 116 illustrations. 
Leipzig: George Thieme, 1930. 


We wonder how many roentgenologists are 
entirely satisfied with their gastrointestinal ex- 
aminations. Are the diagnoses of ulcer accurate 
to a high degree and do they include sufficient 
information to be of great v alue to the clinician 
in the treatment of his patient? If you are 
largely dependent on bulbar irregularity for the 
detection of duodenal ulcer, you may, accor- 
ding to Dr. Albrecht’s experience, be missing 
nearly so per cent of the lesions. You will 
find much to challenge your attention in this 
small book and a careful study of the tables 
and discussion should materially raise the 
standards of your work. 

The author has analyzed the histories of a 
series of 363 cases of gastric and duodenal ulcer 
with respect to incidence in general, relative 
frequency of the two conditions, age and sex 
of the patient, heredity periodicity, and the 
occurrence of hyperacidity and hemorrhage. 
He has reviewed the roentgen findings in re- 
spect to location of the ulcer, multiplicity, oc- 
currence of the niche, deformity, stenosis, and 
so forth. 

The thoroughness of his examinations may 
be judged by the fact that 23.7 per cent of all 
gastrointestinal studies were pesitie e for peptic 
ulcer, and that in go per cent of these the niche 
or crater was demonstrated. Such a high per- 
centage of satisfactory positive diagnoses is 
due to his careful study of the mucosal folds 
with a small meal, accompanied by films made 
at various angles. 


It is interesting to note that in the series of 


1527 examinations, there were 769 with posi- 
tive organic lesions. We find it difficult to 
explain some of the statistics, for example, 
those of diverticulosis. 
duodenal diverticulosis were discovered only 
one case showed colonic diverticula. This being 
at variance with the experience of others may 
indicate lack of care in examination of the colon 


Although 30 cases of 


but in no way discredits the remarkable pains 
with which the upper tract is studied. 

Dr. Albrecht discusses many phases of the 
ulcer problem. He stresses the presence of 
gastritis as a usual accompaniment of ulcer 
and its importance in prognosis and treatment. 
He emphasizes the fallacy of assuming a cure 
with cessation of pain or of assuming the per- 
sistence of ulcer merely on evidence of a de- 
formed bulb, the niche being the one positive 
sign. 

A note of optimism is sounded in regard to 
the cure of large gastric and duodenal ulcers, 
cases being cited and illustrated in which large 
craters disappeared after only six weeks of 
medical treatment. However, the reader is 
warned against harmful procrastination in the 
use of surgery in those cases which prove re 
fractory to stringent medical measures. The 
poor results of surgery and the recurrences 
which make many afraid to employ it are, 
Albrecht thinks, chiefly due to a failure to di- 
agnose and treat the accompanying gastriti 

The work contains profuse illustrations and 
the reader will find himself not only 
in studying them but stimulated 
duction of like results. 


\ interested 
to the pro- 


W. Hawt 


X-Ray Crystattocrapuy. By R. W. James, 
M.A., B.Sc., Senior Lecturer in Physics in 
the University of Manchester. Cloth. Price, 
$1.15. Pp. 88, with 29 illustrations. New 
York: E. P. Dutton & Co., 


To the average medical roentgenologist this 
small monograph would hardly commend itself 
for the simple reason that it treats of a special 
ized domain far removed from his own sphere 
of interest. He can with all justification excuse 
himself on the score of more immediate preoccu- 
pations and of inadequate preparation for ven- 
turing even a glance into the difficult subject 
of x-ray crystallography. 

However, an intellectual adventure lies in 
store for him who has the curiosity and willing- 
ness to hurdle mental rigidities and brush up 
enough on geometry and phy sics to read this 
book understandingly. 


Inc., 193 


It gives an outline in 
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five chapters of the main principles underlying 
methods of analyzing crystals by means of 
x-rays and is intended to serve as a general in- 
troductory account of the subject for students 
of physics. 

When he is finished the reader will not know 
how to interpret an X-ray spectrogram nor why 
an atom should possess vibrational energy at 
absolute zero. But he will have gained an 
insight into the reasoning and methods whereby 
these much talked of but little-known rays have 
made visible the ultimate structure of matter 
and in a sense illuminated their own structure. 
He may even perceive that x-ray crystallog- 

phy is perhaps not so remote from medical 
roentgenology after all. 

B. COHEN 
RADIUMTHERAPIE, METHODEN | \USSICH 
reEN. Dr. F. Gudzent, a.o. Professor an der 

Universitit Berlin. Volume V of Medi- 

zinische Praxis. Edited by Grote, Fromme, 

Warnekros. Pp. 106, with 53 illustrations. 

Price: Paper, 6.50 Marks; Bound, 8 Marks. 

Dresden: Theodor Steinkopff, 1929. 

Gudzent was one of the first in Germany to 
study the clinical application of radium and 
other radioactive substances. In this mono 
graph, he has succeeded in presenting 
review of the | hys ;, biologic effects 
of application, and | the therapeut! 
tained in the diseases amenable to 


a concise 
technique 
results ob- 
treatment 
by radioactive preparations. The concluding 
chapter discusses “‘professional” injuries which 
have been observed particularly among the 
early workers. The safety rules adopted by 
the International Congress in Stockholm are 
also mentioned. This Bete book should appeal 
to the general practitioner as well as to the 
radiologist because it is easy to read and be- 
cause the great experience of the author is 
evident throughout the text. 


Ernst A. Pou tt 


Utrra-VioLet RapiaTIONsS AND USsEs. 
By Robert Aitken, M.D., F.R.C.P.E., Lec- 
turer on Diseases of the Skin, Edinburgh 
University; Assistant Physician, Skin De- 
partment, and Physician in Charge Der- 
matological Light Department, Royal In 
firmary, Edinburgh, etc. Cloth. Price 18/6. 
Pp. 208, with 15 illustrations. Edinburgh: 
Oliver and Boyd, 193¢ 


This book, 


Lupus, 


dedicated to “Sufferers from 
is introduced by Sir Norman Walker, 
the founder of the first clinic for general radia- 
tion treatment in Scotland. The history, phys- 
ics of radiation, physico-chemical action of 
ultraviolet rays, the biological and pathological 
effects of light, the theories of action, the 
apparatus, the technique and dosage are dis- 
cussed first. Then follow the clinical chapters 
beginning with indications, contraindications, 
and risks of the treatment. The diseases are 
partly subdivided according to organs and 
partly follow the specialties in medicine. The 
last chapter deals with abuses of radiations and 
their uses in dentistry, veterinary surgery, and 
farming. Irradiated food stuffs are briefly men- 
tioned. The author is rather skeptical as to 
the value of ultraviolet transmitting glass for 
clinical purposes. A brief bibliography con- 
cludes the book. The illustrations show mostly 
the different types of apparatus used for light 
therapy in England; a few are photographs of 
patients before and after treatment. 

The conservative attitude of the author and 
the practical nature of this treatise recommend 
it to the physician interested in ultraviolet 
radiation. 


Ernst A, PoHLe 


BOOKS RECEIVED 

Das UtcusprosBLeM IM LICHTE MODERNER RONTGENFOR- 

scHuNG. Von Priv.-Doz. Dr. H. U. Albrecht, Oberarzt der 

edizinischen Universitats-Klinik, Frankfurt a. M. Paper. Price, 

M. 10. Pp. 79, with 116 illustrations. Leipzig: Georg Thieme, 
1930. 


Oro.LociscHE RONTGENDIAGNOSTIK. Von Dr. Ernst G. 
Mayer, Privatdozent fiir Réntger ie, Assistent am Zentral- 
rontgeninstitut, Profs ssor G. Holzknecht, Wien. Klinischer 
Beitrag: Die bo jung der Réntgenbefunde in 
ler Otologie. Von Karl Eisinger, Assistent und réntgenolo- 
gischer Referent der Univ.-Klinik fur Ohren-, Nasen- und Kehl- 
kopfkrankheiten, Professor Dr. H. Neumann, Wien. Paper, 
price Rm. 75.00; bound, price Rm. 78.60. Pp. 357, with 611 
illustrations and 6 tables. Wien: Julius Springer, 1930. 


ALLGEMEINE GRUNDLAGEN. Physik und Technik des Ront- 
gische Praktika. Band XIV). Von Dipl.- 
Ing. M. Brenzinger, A. Janitzky und Dr. E. Wilhelmy, Univer- 
sitats-Institut fir physikalische Grundlagen der Medizin zu 
Frankfurt a. M. Cloth. Price, Rm. 25.50. Pp. 237, with 275 
illustrations. Leipzig: Georg Thieme, 1930. 


genverfahrens. (Radiok 


Das RONTGENVERFAHREN. Ein Lehrbuch fiir den Arzt und 
lie technische Assistentin. Von Dr. Kurt Kirschmann, Facharzt 
fur Réntgenologie in Berlin. Paper, price 23 Marks; bound, 
price 26 Marks. Pp. 345, with 283 illustrations. Leipzig: Georg 
Thieme, 1930. 

LA ROENTGENTHERAPIE; SES INDICATIONS CLINIQUES. By 
de l’Hopital Saint-Antoine. Paper. 
Price, 20 fr. Pp. 208, with 14 illust rations. Paris: L *Expansion 


Dr. Iser Solomon, radiologiste 
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ABSTRACTS OF ROENTGEN AND 
RADIUM 


ROENTGEN DIAGNOSIS 


HEAD 


Haas Lupwic. Ueber die klinische Verwert- 
barkeit der réntgenologischen Nahtdiagnose. 
(On the clinical application of roentgen suture 
diagnosis.) Fortschr. a. d. — d. Réntgen- 
strahlen, April, 1930, 47, 549-57 


After an analysis of the appearance of the 
cranial sutures in various anatomic specimens 
and in the living, the author found that the 
roentgen appearance does not always coin- 
cide with the anatomic appearance. Thus the 
serrated sutures (seen in the usual roentgeno- 
grams of the skull) are not formed by the whole 
of the suture but only by the part of the exter- 
nal table. The part corresponding to the in- 
ternal table, the so-called lamina vitrea, is 
nearly always straight and ossifies much sooner. 
From a practical standpoint this means that 
an obliteration of the suture may occur sooner 


than can be diagnosed from the appearance of 


the serrated line. On the other hand, an obliter- 
ated serrated suture does not necessarily indi- 
cate a union of the lamina vitrea. 

The pathologic changes observed in connec- 
tion with sutures may be classified into three 
groups: those of delayed, those of irregular 
and those of accelerated obliteration. These 
three groups are discussed in detail.—T. 
Leucutia. 


Haun, Orro, and KunHLenseck, Harrwic. 
Defektbildungen des Septum pellucidum im 
Enzephalogramm. (Defects of the septum 
pellucidum in the encephalogram.) Fortschr. 
a. d. Geb. d. Rintgenstrahlen, May, 193°, 


lanl 


349 


The authors describe a case of a woman 
aged thirty-five, who on encephalographic ex- 
amination presented rather peculiar rounded 
areas in the region of the ganglia overlapping 
the injected lateral ventricles. A clinical diag- 
nosis of cystic formations of the choroid plexus 
was made but at post mortem a multiple per- 
foration of the septum pellucidum was found. 
In connection with this unusual case the au- 
thors discuss the defects of the septum pel- 
lucidum which are (1) perforations; (2) entire 


absence with otherwise normal corpus callo- 
sum and fornix, and (3) absence of the septum 
and of the corpus callosum. These malforma- 
tions of the septum pellucidum are sequels of 
developmental anomalies. 

The authors include photographs of 2 rare 
specimens from the anatomic museum of Bres- 
lau, one of them showing a perforation of the 
septum pellucidum and the other a complete 
absence of the septum with an otherwise nor 
mal brain.—T. Leucutia. 


STANKIEWICZ, ZYGMUNT. Eine wichtige Verein 
fachung der graphischen Lokalisations me 
thode von Grudzinski. (An important sim 
plification of the graphic method of localiza 
tion of Grudzinski.) Fortschr. a. d. Geb. 
Réntgenstrahlen, April, 1930, 47, 


The method of Grudzinski for the graphic 
localization of foreign bodies of the eye (see 
abstract, this Journal, . April, 1930, p. 436) was 
modified just previous to his death. In thi 
article the modification is briefly described. 

Instead of taking roentgenograms on separate 
films and then superimposing them on one 
film as was done previously, it is now recom- 


mended that two roentgenograms (with half 


time exposures) be made on one film. Thus 
the following roentgenograms are taken: 
a single profile view of the orbit with the eye 
looking upwards; (2) double exposure on the 
same film with the eye looking upwards and 
psig Sh (3) a single exposure with the 

e looking to the right, and (4) double expo 
sure with the eye looking to the ri ght and left. 
The rest of the procedure remains unchanged 

T. Leucutia. 


Berry, Gorpon. Further observations on 
dental caries as a contributing factor in max 
illary sinusitis. Arch. Otolaryngol., Jan., 


1930, 77, §5-62. 


The paper is a plea to the rhinologist to 
consider gross dental pathology during his 
study of a patient suffering from sinus disease 
especially with disease of the maxillary sinuses 
The author analyses 73 cases of acute and 
chronic maxillary sinus disease and out of that 


group he feels at least 60 per cent were of 
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dental origin. The author uses all laboratory 
data in making his diagnoses—but puts most of 
his reliance on transillumination which 
scribes in detail. 


he de- 
illus- 


pre- 


He reports 3 cases to 
trate the points that he brings out in his 
sentation.—E. P. Pender 


Baum, Harry L. A new apparatus for roent- 
genography lye sinuses. Arch. Oto 
Jan., 1930, 72, 94. 


VETAaASS. 


ta] gol., 


An excellent 
apparatus is described for making fi oes of the 
sinuses in the erect posture. The article is 
well illustrated and anyone doing sinus 
would enjoy reading the details of this new 
apparatus and the ease with which the examina- 
tion is made.—F. P. 


work 


ender: 


PALMER, Dorwin L. 


of the 


Surg 


Roentgenology 
ssory nasal sinuses. Am. 
March, 193 8, 667-66c 
The 
article 


acce 


author in a short and comprehensive 
states that flat or stereoscopic fi 
the posteroanterior direction after the 
of Waters 
tion 


lms in 
manner 
gives sufficient dependable informa- 
egarding the maxillary antra and the 
frontal In his experience stereoscopic 
films in the Rhese position is the most valuable 
method for the routine study of the sphenoids 
and ethmoids, especially 
made after the 


( ells. 


with 
ontrast 


when combi 


a study injection of 


media. 

The author stresses the necessity for the 
roentgenologist to correlate the operative find- 
ings with those found on technically perfect 
roentgenograms. If this is done the roentgen- 
ologist will in time be able to give valuable 
assistance to those referring cases for study. 

The types of sinus disease are adequately 


discussed and divided into two classes: (1° 


those showing increased density, 2) those 

showing structural changes.—E. P. Pender- 

Jones, E. Lioyp. Ilodized oil as an aid in the 
diagnosis of chronic maxillary si isease 
Arch. /., April, 1930, 77, 475-484. 
In the diagnosis of chronic maxillary sinus 


the most reliable means of 
are lavage and roentgen examination. In 
cases in which lavage is negative, and in those 
in which the 


qisease, 


In\ estiga- 
tion 


roentgenogram show: 


bilateral 
clouding of such a nature that it is interpreted 
as negative by the injection 
of a contrast medium and outlining the 


rr entgenologi 


sinus 
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approaches information obtained in actual ex- 
ploration of that cay ity. 

Technique. After preliminary study and 
routine roentgenography, the antrum is punc- 
tured beneath the inferior turbinates with a 
small trocar. Irrigation may or may not be 
instituted. Iodized sesame oil 40 per cent is 
introduced into the sinus until the oil drips 
from the nose. The head is tilted slightly for- 
ward and care is taken not to introduce the 
oil beneath the mucous membrane. No pack 
is placed in the nose. The patient is examined 
roentgenographically within ten to fifteen min- 
utes. The author states that the rhinologist 
should not hesitate to make his own interpre- 
tation but that correlation of the findings by 
the rhinologist and roentgenologist is helpful. 

Results. The size, shape and capacity of the 
antrum can be determined. The normal an- 
trum contains 7-12 c.c. of the oil; a small an- 
trum may contain 3 to 6 c.c. oil; a pathological 
antrum 1-5 c.c. The emptying time of a nor- 
mal antrum is less than forty-eight hours. Any 
delay is pathological. Three months is the 
longest time observed by the writer. 

Thickening of the mucous membrane and 
polypoid formation can be observed. Changes 
in appearance can be determined by repeated 
examinations. Cysts can be demonstrated by 
this method although they transilluminate 
clearly. 

The indication for the use of the oil is when- 
ever doubt exists as to the nature or presence 
of disease of the sinus. 1 oil should 
s who have toxic goiter, 
active tuberculosis or iodine hypersensitivity. 
Brominized oil will elit iminate the above con- 
traindications.—E. P. Pendergrass. 


The iodized 
not be used in patient 


NECK AND CHEST 
Votimar, F. Uber den Lobus azygos der rech- 
ten Lunge und seine klinisc he Bec leutung. 


(The azygos lobe of ps right lung and its 
clinical significance.) Fortschr. a. d. Geb. d. 


Rontgenstrahlen, May, 1930, 4/, 737> 


Ten cases of azygos lobe were observed dur- 
ing the period of a few weeks, 2 of which were 
of special interest. In the first, that of a woman 
aged twenty-five, a tuberculosis of the right 
apex was previously whereas the 
opacity was found to be due to partial atelec- 
tasis of the azygos lobe. 


diagnosed 


In the second case, 
that of a boy six years of age, following a pneu- 
monia of the right lower lobe an abscess in the 
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right apex developed which could not be diag- 
nosed otherwise than by assuming the pres- 
ence of an azygos lobe. After a healing of the 
lesion, roentgenograms confirmed the assump- 
tion. Thus a knowledge of azygos lobe is im- 
portant since it may be the seat of various 
pathologic lesions.—T. Leucutia. 


Orr, Ap. Experimenteller Beitrag zur Rént- 
gendiagnose der miliaren Lungentuberculose. 
(Experimental contribution to the roentgen 
diagnosis of miliary pulmonary tuberculosis.) 
Forschr. a. d. Geb. d. Rintgenstrahlen, March, 
1939; 494-413. 


The author performed a number of experi- 
ments in order to determine the part played 
by the superimposition of the tubercles in the 
roentgen appearance of miliary pulmonary tu- 
berculosis. For this purpose he used pills of 
paraffin and lanolin or sugar which he arranged 
in layers of various thicknesses and roent- 
genographed. It was found that the summation 
effect produced by the superimposition of the 
pills is of considerable importance. The assump- 
tion of Dehn and Weinschenk that the main 
effect is due to secondary rays could not be 
verified. 

The conclusion is reached that the roentgen 
appearance of miliary pulmonary tuberculosis 
is characterized chiefly by the summation ef- 
fect of the small tubercles falling in the line 
of the roentgen beam, the tubercles nearest to 
the film appearing the sharpest.—T. Leucutia. 


SieBerRT, WernNeER W. Wolkennamen zur 
Beschreibung der pathologischen Lungen- 
verschattungen. (The description of path- 
ologic lung shadows in terms of clouds.) 
Forschr. a. d. Geb. d. Rintgenstrahlen, May, 
1930, 44, 756-767. 


The author recommends that the shadows ob- 
served in various pulmonary lesions be described 
by applying the terms generally used in meteor- 
ology for the differentiation of the clouds. The 
following three types are proposed for the desig- 
nation of the fundamental lesions: (1) stratus(st.) 
indicating a shadow characterized by relatively 
great horizontal extension, as“‘a layer of cloud”’; 


(2) cumulus (cu.) indicating massive clouds of 
rounded or polygonal shape, as in “‘banks of 


clouds,” and (3) cirrus (ci.) indicating streaks 
or lines of clouds running parallel or inter- 
secting. In addition to these three main groups, 
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two transitional forms are distinguished: (4) 
cumulocirrus (cu-ci.) and (5) cirrocumulus 
(ci-cu.), both being forms of cumulus and cir- 
rus with the one first named predominating. 

In oe the various forms the ending 
of “fous” is used (as for example cumulous) 
iin in cirrus, where “oid” (cirroid) is used 
in order to differentiate from cirrhous, a term 
already used for other purposes. 

If there is an association of several of the 
above groups they are indicated by describing 
the most predominating first and then all the 
rest atterward as, for example, stratus+cumu- 
lus (st.4+cu.), stratus+cirroid (st.+ci.), etc. 

A further descriptive accuracy is furnished 
by indicating the following characteristics: (a) 
size of individual shadows (as, for example, 
small or large cumulus); (4) sharpness of out- 
line; (c) intensity; (d)  steectare: (e) number: 
(f) distribution and general appearance. 

The following shadows cannot be included in 
the above classification and must be described 
separately: (a) ring shadows; (4) inc reased 
transparencies; (c) interlobar bands, and (d 
hilar and root shadows.—T. Leucutia. 


BERNARD, Lton. Le début intercléido-hilaire 
de la tuberculose pulmonaire. (The inter- 
cleido-hilar onset of pulmonary tuberculosis. 
Presse méd., March 15, 1930, 38, 373-376. 
The author uses the name of “intercleido- 

hilar zone” for the designation of the region 

which on the roentgenogram appears between 
the hilus and the clavicle. By means of num 

ous studies he found that this re; gion ss sa 
very important part in the early diagnosis of 


tuberculosis and that consequentl} its closer 
investigation is of prime importance. 

Fourteen cases are described briefly (some 
of the roentgenograms being reproduced) in 


which an early diagnosis of tuberculosi Ss was 
possible by the study of the intercleido-hila 
zone. It was found that involvement of this 
zone always occurs in young individuals and 
that all stages from a very discrete process to 
extensive ganglio-pulmonary involvement may 
be encountered. 

The roentgen study of the intercleido-hilar 
zone is important since physical examination 
and auscultation as a rule fail to detect the 
presence of even larger lesions and since it per- 
mits certain conclusions with regard to the 
therapeutic measures to be applied 
pneumothorax).—T. Leucutia. 


(artificial 
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Wo rr, Ernst, and Stone, Roperr S. Chest 
roentgenograms of nontuberculous children 
suspected of being tuberculous. 7%. dm. M. 

Keb. » 9A, 459-401. 


In order to obtain criteria for the 


15, 193 


normal 
child’s chest a number of tuberculin negative 
children from the children’s chest clinic of the 
University of California Hospital and from the 
Institute of Child Study were studied 
cally and roentgenographically. It was con- 
cluded that normal children may axial 
vessel shadows in the hila, axial vessel shadows 
up to 3 


clini- 
show 


mm. in diameter in the parenchyma, 
localized increases of lung markings and pleural 
thickenings. to the 
upper not necessarily ate past 
respiratory infection.—G. R. 


Increased lung markings 

lobes do indi 

Miller. 

SroLorr, E. Gorpon. 
children. Am. 7. 
662 674. 


Pleurisy in infants and 
Surg., March, 1930, 8, 


Pleural « liseas se 1S considered under the fol- 
lowing headings: 

\. Acute pleuri 3. 

Dry or fibri nous pleurisy. 

2. Free effusion in the pleurae. Serous 


or non-purulent pleurisy. 
pleurisy or empyema. 
Encapsulated effusions. (qd 


Purulent 


Superficial. 
6) Concealed or deep. 
B. Chronic disease of the pleurae. 
Acute dry pleurisy shows as a hairline 
perip herally. It may occur early in } 
Similar in appearance is the 
of an effusion. 


density 
yneumonia. 
chronic residuum 
effusion seeks 
and produces a 
in extent, whic 


the most dependent site 
homogeneous shadow varying 
h obliterates the outli 
diaphragm, costal wall and lung structure. 
density is greater than in pneumonia. 
diastinum is displaced to the o 
large collections. 


nes of the 
The 
The me- 
pposite side in 


Fibrino-plastic exudate contains little free 
fluid. It shows as a band or ribbon-shaped 
shadow adjacent to the thoracic wall 
separation of the lung from the che 
fibrino-plastic exudate. This may 


upper or low er lobes alone or over both. 


due to the 
t wall by 

over the 
When 
there is much free pus the appearance of a 
free effusion is approximated. 

Encapsulation of effusions is decided by in- 
fection. The different locations for 
lated fluid may be superficial or 
former are mostly 


encapsu- 
The 


at base 


aeep. 


in the axilla, eithe 
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or apex. They show as more or less globular, 
sharply defined densities. The latter may be 
diaphragmatic or infrapulmonary, mediastinal, 
and interlobar. The appearances are deter- 
mined by the location, but the shadow is al- 
ways sharply defined and dense. 

Chronic disease of the pleurae follows the 
resolution of pneumonic infiltration, healed 
empyemas, tuberculous effusions and dry pleu- 
risies. Involvement of the lateral pleurae re- 
sults in a band-like thickening. The increased 
density of thickened pleura, the evidence of 
adhesions and fixation of the diaphragm vary 
with the extent of pleural involvement.—G. R. 


Miller. 


Marko, D. Zur Diagnostik der pleuralen Ad- 


hisionen. (The diagnosis of pleural adhe- 
sions.) Fortschr. a. d. Geb. d. Rintgenstrahlen, 
March, 1930, Z7, 451-454. 


Pleural adhesions can be diagnosed not only 
from the fixed appearance of the diaphragm 
and contraction of the neighboring organs but 
also from the deformities of the interlobar septa. 
The author was able to confirm this by the use 
of pneumothorax. 

In the cases observed by the author the ad- 
hesions were localized only to the right upper 
interlobar septum, but it is probable that similar 


deformities may occur in all the other septa.— 
T. Leucutia. 


RALSTON. 
aspects of empyema. 


I 930°, 


PATERSON, The roentgenological 


Am. F. Surg., March, 
635 647. 

Pleural effusions may be pyogenic or other- 
wise. The former have a tendency to limita- 
tion by adhesions, the latter do not. 

The roentgen examination should include 
fluoroscopy to determine the mobility of a col- 
lection in different positions, its outlines and 
the views in which it is best demonstrated. 
exposures should then in- 
clude a posteroanterior stereo pair in the erect 
posture, a lateral view and as many oblique 
views and prone and recumbent views as fluor- 
oscopy indicates. 

Cavities and sinuses can be outlined by 
opaque media which should entirely fill a com- 
pletely emptied pocket. The medium should be 
sealed in with collodion. Rapid exposures 


Roentgenographic 


should be supplemented by pictures taken with 
the Bucky diaphragm. 
ribs is important. 


The condition of the 
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The points of roentgen diagnosis and differ- 
ential diagnosis of effusions, purulent and non- 
purulent, recent and chronic, are taken up in 
detail.—G. R. Miller. 


Broc, Renf, and Jauserr pve Beaujeu, A. 
Deux cas interessants de kystes hydatiques 
des poumons. (Two interesting cases of hyda- 
tid cysts of the lungs). Budl. et mém. Soc. de 
radiol. méd. de France, April, 1930, 78, 176. 


Two cases of hydatid cyst of the lungs (the 
first in a man of twenty-five and the second in 
a woman of twenty-four) are briefly described 
and the roentgenograms reproduced. The dif- 
ferential diagnosis as a rule encounters no diffi- 
culties —T. Leucutia. 


Scuutte, G. Pneumokoniosen der Ruhrber- 
gleute und Lungenkarzinom. (Pneumoconio- 
sis of the Ruhr miners and lung carcinoma.) 
Fortschr. a. d. Geb. d. Rintgenstrahlen, March, 
1930, 47, 444-445. 

There are three stages of pneumoconiosis; 
mild, moderate and severe. During the past 
five years 487 cases of moderate and severe 
pneumoconiosis were observed by the author 
in the Ruhr district and not one of these 
cases was associated with carcinoma of the 
lung. During the same period 27 cases of 
primary carcinomas of the lung were observed 
and in none of these cases was there evidence 
of pneumoconiosis. A check-up of all autopsies 
performed by Drs. Husten and Biasi revealed 
that in 340 cases of pneumoconiosis not one 
case of carcinoma was found. 

This proves conclusively that dust (as a 
mechanical irritant) does not play a part in 
the etiology of lung carcinoma. The reason 
why in the Schneeberg district pneumoconiosis 
is so often associated with carcinoma of the 
lung (the Schneeberg lung carcinoma being con- 
sidered an occupational disease) is due most 
probably to the presence of arsenic and radio- 
active substances (especially radium emana- 
tion) in the dust of those mines.—T. Leucutia. 


Van Aten, C. M., and Apams, W. E. The 
mechanism of obstructive pulmonary atelec- 
tasis. Surg., Gynec. & Obst., Feb., 1930, 50, 
385-396. 

Experiments on dogs under various anesthe- 
tics were performed to determine the relative 
effects of the following factors in the production 
of obstructive pulmonary atelectasis: (a) quiet 
respiration; (4) straining respiration; (c) type 
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of substance causing bronchial obstruction; (@) 
complete bronchial obstruction; (e) valvular 
bronchial obstruction, and (f) presence or ab- 
sence of blood supply to the obstructed lobes. 

It is concluded that: (1) Straining respira- 
tion is essential to the production of obstruc- 
tive pulmonary atelectasis in the normal lung. 
(2) Valvular obstruction produces atelectasis 
more rapidly than total obstruction, but there 
is no evidence that valvular obstruction occurs 
spontaneously in man. (3) Pent up bronchial 
air is probably lost from the lung by blood 
stream absorption. (4) Obstructive atelectasis 
develops centrifugally from the hilum outward. 
(5) Decreased intrapleural and intrabronchial 
pressures are characteristic in obstructive pul- 
monary atelectasis.—G. R. Miller. 


Cory ios, Pot. N. Postoperative pulmonary 
complications and bronchial obstruction. 
Postoperative bronchitis, atelectasis (apneu- 
matosis) and pneumonitis, considered as 
phases of the same syndrome. Surg 


& Obst., May, 1930, 50, 795-827. 


There is a close relationship between post 
operative bronchitis, atelectasis and pneumo 
nia. These conditions usually follow one an 
other in the order named without clear-cut 
distinctive signs. They represent evolutional 
phases of postoperative bronchial obstructior 
by mucus plug. 

Careful analysis of a voluminous literature 
plus original observations and experiments re 
sult in the rejection of the diaphragmatic and 
muscular theory, the bronchoconstrictor theory 
and the vasomotor reflex theory of the etiol ey 
of atelectasis. Bronchial obstruction is the only 
determining cause of the disease. 

There is no absolute distinction possible be 
tween postoperative bronchitis, atelectasis and 
pneumonia. Clinically, pathologically and 
etiologically there are marked similarities. Pneu 
monia as well as atelectasis causes displace 
ment toward the affected side. The greater tox- 
icity of pneumonia is probably due to a more 
virulent organism. 

There are no differences between postopera 
tive pneumonia and atelectasis other than those 
due to the type and virulence of the organisms 
infecting the occluding bronchial mucus. The 
condition is produced by the plugging of a 
bronchus by mucus, which is followed by ab- 
sorption of the alveolar air. The obstruction 
of a lung depends not only on the mucus but on 


| 
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the lessened expelling force of the lung, which 
is commonly decreased postoperatively by nar- 
cotics, pain, posture, s plinting of the thorax, par- 
alysis of the respiratory muscles or because of 
general weakness. Pneumococcus type Iv is 
found in the mucus in these cases as it is in 
patients’ mouths preoperatively. 

Once established the course of an atelectasis 
may be: 

(1) Recov ery due to disruption of the ob- 
structing mucus by cough. Subsequent oc- 
clusion of a new bronchus accounts for the 
variability of the physical signs. (2 
sion to pneumonia in cases of prolonged occlu- 
sion, provided the pneumococci are of suf- 
ficient virulence. 3) Suppuration, should 
occlusion be prolonged in the presence of pyo- 
genic organisms 


Progres- 


Treatment consists of: (a) Prophylaxis 
oral hygiene, abstinence from too 
phine and atropine, 
and carbon dioxide, 


much mor- 
the inhalation of oxygen 
and change of position. 
b) Established cases—carbon diox 
tion, change of position and br 
drainage 1 


le inhala- 
nc hoscopic 
in extreme cases.—G. R. Miller. 
ARMAND-DE LILLE, P.-F., and Leunpa, J. In 
jection intrabronchique de lipiodol chez |’en- 
fant au moyen d’une nouvelle technique. 
(Intrabronchial injection of lipiodol in chil- 
dren by means of a new technique Press 


March 1¢ 


The intrabronchial injection of lipiodol may 


be performed by three routes: the infra 
slottic, 2) the supra 
glottic route. 


glottic, and the trans 


1) The infraglottic route which 
the insertion of a trocar into the trachea through 
the intercricothyroid space, is used only in 
adults and adole scents 


nsists 1n 


In children the inter 


cricothyroid space is not as yet developed and 
consequently the foie rt is impractical. (2 
The S ipraglottic route consists in the injec- 


tion of a Pp y0dol into the laryngeal vest bule by 
means of a cannula introduced under the guide 
of afinger. Since this method necessit 
on the | yart of the 
also cannot be used in child lren. 


ates care- 
patient it 
Che trans- 
glottic method is similar to the supraglottic 
except that a long cannula is used whichis 
passed through the rima glottidi 


ful cooperation 


Chis con- 
stitutes the method of choice in children. Can- 
nulas of \ 


arying sizes are used for different 


ages and the liy yiodol 1s injected following co- 


caine parte of the upper respiratory pas- 
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sages. The detailed technique is as follows: 
The child is held by a nurse in a sitting position 
as for any laryngoscopic examination. The 
throat is repeatedly sprayed with a Io per cent 
cocaine solution, then the cannula is intro- 
duced under the guidance of the finger until 
it has passed the rima glottidis. At this moment 
2 to § c.c. of a I per cent cocaine solution is 
injected for the anesthesia of the bronchi and 
a few minutes later 5 to 20c.c. lipiodol (at 40°C.) 
is injected. After placing the patient in the 
necessary position (for the side or part of the 
lung to be examined) the rest of the lipiodol 
(10 to 30 c.c.) is introduced. Five to ten min- 
utes later the injected bronchial tree is stu- 
died under the roentgenoscope and then films 
are taken. 

The method is indicated in bronchial dilata- 
tion, in chronic recurrent bronchitis, in cough 
of long duration following pertussis and bron- 
chopneumonia, in tracheal deviation, in tuber- 
culous lesions and for the differential diagnosis 
of certain interlobar pleurisies—T. Leucutia. 


LEPENNETIER, F., and ALTMAN, J. 


Corps 
(Foreign bodies in 
et mém. Soc. de radiol. 
méd. de France, April, 1930, 78, 173-174. 


étrangers bronchiques. 
the bronchi.) Bu//. 


The authors present two unusual cases of 
foreign bodies within the bronchi. In the first 
case, that of a girl aged twenty-five, a pin was 
present in the right inferior lobe for a period 
of eight years without producing any symp- 
toms. In the second case, that of a boy aged 
nineteen who ag red from infantile asthma, 
the foreign body, likewise a pin, was expelled 
within forty-eight ‘wie as a result of an asth- 
matic attack. The conclusion is reached that 
certain intrabronchial foreign bodies are well 
tolerated and that in very 
are expelled spontaneously. 


Joun J. Broncholiths. dm. 
Sc., May,1930, 279, 694-699. 


rare instances they 
T. Leucutia. 


M. 


LLoypb, 


Broncholith is the most commonly accepted 
term for lung stones, though the majority of 
these calculi have their origin in the lung tis- 
sue outside the bronchus. Although other 
causes exist, tuberculosis is the disease in which 
broncholiths are most apt to arise. Often they 
are multiple. 

A review of the English literature since 1g00 
resulted in the finding of 18 cases. West found 
15 cases in 1902. Four cases reported in this 
article give a total of 3 


| 


704 


The condition may easily be overlooked in 
history taking unless direct questioning is re- 
sorted to. The erosion of a calculus into a 
bronchus may cause serious results should the 
stone fail to be expectorated. Two cases of tu- 
berculosis expectorated multiple broncholiths. 
Two non-tuberculous cases expectorated single 
broncholiths and subsequently showed by 
roentgen examination the disappearance of sha- 
dows of calcification seen in previous films.— 
G. R. Miller. 


Kxason, T. On the horizontal orthoprojec- 
tion of the heart. Acta radiol., Apr. 30, 


1930, 17, $7-77. 


This paper is an abstract of a longer work by 
the author and includes four parts. The first 
part is a detailed anatomical description of the 
localization of the heart cavities in different 
projections. It is based chiefly on anatomical 
frozen sections through the thorax. In the 
second part the author describes his method 
of obtaining an orthoprojection of the heart 
on a horizontal plane with the patient standing. 
In the third part tables are given showing the 
normal measurements of the frontal ortho- 


diagram and the horizontal orthoprojection of 


the heart in 150 healthy men and women. In the 
last part the author discusses the changes that 
take place in the shape and size of the horizontal 
orthoprojection on pathological changes in the 
size of the four heart cavities —Audrey G. 
Morgan. 


Meyer-Borstet, H. Uber Form- und Gris- 
senverinderungen des Herzens bei Struma. 
(Changes in the form and size of the heart 
in struma.) Fortschr. a. d. Geb. d. Rintgen- 
strahlen, May, 1930, 695-713. 


The author made a roentgen examination of 


the heart in 76 cases of non-toxic and 80 cases 
of toxic goiter. In both groups a distinction 
was made as to whether or not the goiter pressed 
on the trachea. It was found that in $9 per cent 
of the cases with non-toxic and in 83 per cent 
of the cases with toxic goiter there was evidence 
of disturbance in the size and form of the heart. 
The tracheal stenosis produced by certain goiters 
did not produce any material change in the 
above percentages, indicating that the “me- 
chanical” effect is without importance. The 
disturbance in size of the heart consisted 
mainly of a bilateral enlargement, usually 
more pronounced on the right side. The 
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author, contrary to other investigators, found 
enlargement confined to the left half of the 
heart only in rare instances. The silhouette of 
a thyroid heart on the roentgenogram has a 
rather typical appearance. Due to an enlarge- 
ment of the right half of the heart there is a 
prominence of the right lower border of the 
silhouette. The pulmonary arch and the left 
median arc are accentuated. The left border of 
the silhouette is steeper than the normal. Thus 
the configuration as a whole resembles that of 
a typical mitral lesion. A differentiation, how- 
ever, is easily accomplished by roentgenoscop- 
ic examination, the pulsation and rhythm of 
the heart being entirely different in the two 
conditions. In cases of uncertain clinical diag- 
nosis this could be used for the confirmation of 
hyperthyroidism. 

The author is of the opinion that the cardiac 
enlargement in hyperthyroidism is of a per- 
manent nature. In many instances it continues 
to progress following operative intervention 
(thyroidectomy). 

The article is profusely illustrated with roent 
genograms and schematic drawings.—T. Lew 
cutia. 


Arkussky, J. Zur réntgenologischen Charak 
teristik dus F unktionsfihigkeit des Herzens. 
(The roentgen characteristics of the func- 
a capacity of the heart.) Fortschr. a. d. 
Geb. d. Rintgenstrahlen, May, 


72] 


1930, 714 


The clinical methods of examination (per 
cussion, auscultation, response to forced exer 
cise and water test of Béttner), although of 
great value in the diagnosis of static changes of 
the heart, are entirely useless for the determin 
ation of the functional capacity. The roentgen 
examination permits a more accurate evalua- 
tion. On the basis of numerous examples (the 
cases being described more or less in detail and 
illustrated with roentgenograms and drawings 
the author discusses the 
signs of (1) hypertrophy; (2) myogen dilatation, 
and (3) tonus of the heart. It is advised that 
the orthodiagr aphic measurements be carried 
out in the posteroanterior and chiefly in the 
second oblique position, the rotation of the 
patient amounting 60 to 70 

In discussing the tonus of the heart muscle, 
the importance of a detailed study of the right 
ventricle is emphasized. In many instances the 
equilibrium of the whole hemodynami 


most characteris tic 


S) stem 


is dependent on the functional capacity of this 
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portion of the heart. Of course other factors such 
as the changes of the angle of inclination during 
expiration and inspiration as well as the form 
of the entire heart and its different segments, 
the character of the pulsation, the amplitude, 
blood pressure, and the condition of the nerv- 


ous system, must also be taken into consider- 


ation. The tonus of the heart muscle is the 
resultant of several factors which must all be 
accurately known.—T. Leucutia. 

IMPERATORI, CHARLES J. Cardiospasm. Arch. 


Otolaryngol., Feb., 1930, 77, 178-187. 


Jackson has stated that a large proportion 
of cases diagnosed as cardiospasm are not spas- 
modic. The condition has been considered as 
a neurosis. Some think that it 1s an 
Mosher has demonstrated 
a pathologic change in the liver tunnel in some 
cases. 


the 


authors 
endocrine imbalance. 


In others, cicatrices and adhesions were 
Pathologic conditions in the left 
lower lobe have been cited as a cause. Jackson 
has demonstrated a physiological kinking of 
the abdominal esophagus and a diaphragmatic 
pinchcock. Cardiospasm may represent 
Grieg thought 3 factors were 
(1) Esophageal opening in the dia- 
phragm is never modified by movements of the 
diaphragm. The esophagus has in common with 
the lungs a parasymps thetic nerve supply from 
the bulbar portion in addition to the sympathe- 
tic supply. (2) Physiologically, the 
maintains a certain sig ig of tonus. (3) Path- 
ologically, congenital or primary fault 
may prevent the esophagus from relaxin; 
Peristalsis of the igus follows de 
tion. It is a reflex mechanism with one sensory 
and multiple motor impulses. 
stalsis 


cause. 


re- 
pressed desires. 


concerned. 


e 


Secondary peri- 
is controlled by multiple reflexes and 
these reflexes depend upon a bolus, etc., and 
the integrity of agus. 

Rolleston thought 


a neure ymuscula 


‘ardiospasm was due to 
Mosher has 1 


case in which spasm was 


r reflex. 
ognized any , present. 
Alvarez thought that Auerbach’s plexus exercis- 
edacontrol ov er the muscle. The author belie, es 
that the staining technique of the tiss 
poor that one cannot demonstrate 
that may be present. Cannon and an 
authors think that the 


as the 


ues is SO 
changes 
umber of 
cardia relaxes 
For instanc 


as soon 
patient swallows. e, cutting 
the vagi in the neck will cause spasm of the 
cardia. Against this is the marked re- 
laxation that occurs following the spasm. Car- 
diospasm may be present for thirty or more 


view 
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years. Reflexes probably could not be main- 
tained so long. One or two dilatations cure 60 
to 80 per cent of patients. It appears that the 
contraction is in the rough submucous coat and 
not in the diaphragmatic fibers surrounding 
the esophagus, as the spincter is generally situ- 
ated below this point as determined by roent- 
genoscopy. Schlippe has demonstrated con- 
traction of the diaphragm during vomiting 
yet food leaves the stomach. There is a plexus 
of nerves situated between the circular and 
longitudinal muscle by which a local nerve me- 
chanism is maintained. 

Symptomatology. A sense of discomfort, eruc- 
tation of gas and sour food, shortness of breath 
after meals, hiccough, cough, epigastric pain, 
etc., are some of the symptoms experienced. 

Diagnosis. The diagnosis is made by the 
roentgenologist. There is a diffuse dilatation 
of the esophagus, with a stenosis at the dia- 
phragm, the shadow narrowing to a trickle 
through the abdominal esophagus. The appear- 
ance by the esophagoscope is a widely dilated 
esophagus with a grayish-white pasty mucosa 
looking like a furred tongue. At the bottom 
of the sac is a white floor of wrinkled esophageal 
wall through which the diaphragm can be felt. 
There is normal resistance to the esophago- 
scope at the cardiac end. There is no loss of 
continuity of the coat. 

Treatment. The author discusses and illus- 
trates the method of treatment which is done 
under roentgenoscopic guidance.—E. P. Pen- 
dergrass. 


ABDOMEN 


Bertin, D. S. When has visceroptosis clinical 
significance? Radiology, August, 1930, 75, 
223-226 


To this question the author answers as fol- 
lows: When symptoms arise as a result of per- 
verted function in a visceroptotic individual 
in whom organic disease has been excluded, 
then, and then only, has visceroptosis clinical 
significance. The cardinal diagnostic fluoro- 
scopic sign of gastroptosis and coloptosis 1s 
that the symptoms are usually relieved when 
the stomach or colon is elevated manually, and 
almost immediately entirely relieved when the 
patient is placed in the T rende slenburg position. 
The anatomical position of the stomach and 
colon in:the so-called normal individual is de- 
pendent upon the habitus as well as the in- 
herited constitutional frame of the individual. 
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Their low position is of no significance except 
when it interferes with physiological function. 
The responsibility for the diagnosis of clinical 
gastroptosis and coloptosis is almost entirely 
dependent upon the clinical roentgenologist 
as a careful objective exclusion diagnosis of 
organic disease of the gastrointestinal tract 
must be made.—¥. D. Camp. 


WINKELSTEIN, AsHER. Some clinical features 
of air swallowing. ¥. 4m. M. Ass., May 10, 
1930, 94, 1480-1483. 

- Air swallowing is frequently a cause of symp- 
toms. A number of articles on this subject are 
found in the German and French literature, 
but very little has been written in this country 
or in England. Hoffman, in 1902, before the 
days when roentgen studies were being made, 
did an excellent piece of work. Since that time 
Reider and others have described the condition 
of air swallowing. Reider calls the condition 
“gastric pneumatosis.”’ 

Air swallowing occurs normally and may be 
allied as a sy mptom in a number of organic 
diseases. Eructatio nervosa, or functional nerv- 
ous belching, occurs in neurotic individuals as 
a purposeful exaggeration of the normal. When 
belching is associated with organic gastro- 
intestinal, gall-bladder, liver and cardiovascular 
disease, it is called eructatio symptomatica. 

In another group, gastric pneumatosis, air 
is trapped 1 in the stomach and causes gastric, 
respiratory and cardiac sy ymptoms. In gastro- 
intestinal pneumatosis, the’ air passes from the 
stomach into the small and large intestine, 
giving, usually, intestinal symptoms. The 
author presents 3 cases representing a new 
clinical syndrome. 

The cause of retention of air in the stomach 
is discussed and the treatment for the affec- 
tion is briefly considered.—F. P. Pendergrass. 


Ricier, Leo G. Roentgenologic observations 
on benign tumors of the stomach. dm. 7. 
Surg., Jan., 1930, 8, 144-150. 

Eusterman and Senty estimated that only 
} per cent of all tumors of the stomach com- 
ing to operation were benign. Recent litera- 
ture suggests that these are more common than 
previously thought. Eliason and Wright have 
reported 50 cases, while Pendergrass reported 

30 cases of the pedunculated type alone, and 

the author has seen 11 in the last two years. 

Hillstrom found 5 per cent of tumors of the 

stomach, removed at operation and at post- 


and Radium Literature DECEMBER, 1930 
mortem examinations, to be benign. Statistics 
may be unreliable because these tumors may 
be missed at operation if the stomach is not 
opened and may undergo malignant degenera- 
tion if not removed. . 


Benign gastric tumors may produce severe 
symptoms and they may be ‘the origin of the 
polypoid type of carcinoma. Surgical removal 
is comparatively simple with excellent end- 
results. Etiologically, there is a close relation- 
ship between chronic gastritis and hypertro- 
phied gastric mucosa. Pathologically, they 
may be classified as multiple polyposis, an- 
gioma, myoma fibromyoma, hypertro 
phied mucosa, and several other rare types. 
From the clinical and roentgenological stand- 
point they are classified as polypi, ball-valve 
tumors, angiomata, myomata, and multiple 
polyposis. The ball-valve type are 
culated and _ often prolapse 
pylorus, causing obstruction. Symptomatol- 
ogy depends on size, multiplicity, 
and character of the tumor. The 
are due to hemorrhage, obstruction, ulcera- 
tion, and disturbance of gastric function. The 
physical signs are essentially negative. The 
laboratory findings frequently show achylia 
gastrica, especially in generalized polyposis. A 
secondary anemia, simulating a primary ane 
mia, may be present. Blood in the gastric con 
tents has been found. The differential diagnosis 
must be made from carcinoma, ulcer, gastriti 
pernicious anemia, and functional dyspepsia. 
The roentgen examination by barium meal i 
the best method of establishing a diagnosis. 


cysts, 


pedun 
through the 


lox ation, 
S\ mptoms 


The roentgen signs are: (1) a central defect 
which is round or oval, smooth in contour and 
sharply outlined; (2) peristalsis passes through 
the gastric walls of the defect; (3) the gastric 
walls are flexible in the region of the tumor; 
(4) the defect is frequently mor le; (5) a 
pedicle may be demonstrated; (6) the defect 
may be in the pe in prolapsed peduncu 
lated tumors; (7) the lumen of the stomach is 
not decreased in oa (8) there may be pyloric 
obstruction; (g) there are multiple defects in 
multiple polyposis; (10) in hypertrophied gas 
tric mucosa, the defects may appear as ridge 
of exaggerated type; (11) the rugae above and 
around the tumor may be unaffected. Over 
filling the stomach with barium must be 


avoided in looking for these tumors. Manipula 
tion of the stomach is necessary, especially to 
produce pressure. 


Examinations must be 


a 
O 
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made in both the upright and prone postures, 
and observation of peristalsis and flexibility 
of the stomach is essential. 
benign tumors must be 
retained food particles, 

tritis, and carcinoma. 


Roentgenologically, 
differentiated 
reign 


from 
bodies, gas- 
Benign tumors may be 
present associated with other pathological con- 
ditions. 

The author reports 19 cases of roentgenologi- 
cally diagnosed benign lesions of the stomach. 
These include 13 benign tun 
cases of benign polypi with malignant de- 
generation, 


cases of mors, 2 
cases of hy pertrophic 
He has included 
roentgenograms which are 


and 4 
tritis verging on polyposis. 


gas- 


as illustrations, 
typical of the various types of lesions de- 


scribed.—Vincent Fohnson. 


Anatomical consideration 
of the ulcer bearing area 
the stomach, 


duodenum). 
410-425. 

The pylorus and the first part of the 
denum 
contrast 


ErinHOoRN, Moses. 
(lesser curvature of 
pylorus and first part of the 


Feb., 


UT 


Gynec., 


& 
1939, 59, 
duo- 
show anatomical peculiarities which 

these with the rest of the 
stomach and duodenum: The pyloric wall 
is stronger and thicker than that of the fundus. 

2) The pyloric submucosa is firmer an 


areas 


d more 


adherent to the mucosa. (3) The mucosa is 
smoother, thicker and more adherent. 4) 
Pyloric rugae are parallel to the long axis. 
Those of the cardiac position are ste llate. (5) 
The pylorus has only one type of gland, the 
rack has two. (6 Peis pylori mu les are 
heavier because ac ivity is required here, 
whereas the fundus acts merely as a reservoir. 


of the 
bulk: er 


8) The 
denum are 
Sphincteric rings 


mus¢ first part of the duo- 
than in the other parts. 


and mucosal folds exist here 
only 3runner’s glands are most numerous 
here. The first part of the duodenum is 
under greater tension than the remainder. Its 


musoca is often damaged by the a food. 


G. R. Mille 
Camp, Joun D. 


dire« t roentgen¢ year 


is on the 
signs of gastrojejunal 
and jejunal ulcer. Radiology, August, 193 


Further observatio 


75, 270: 
The d irect 
to the author, 


roentgen signs which, according 
positive diag 
gastrojejunal or jejunal ulceration are: (1) 
niche; (2) per 


stomach, 


permit a 
the 
istent de- 
jejunum; 


presence of an ulcer 


formity of the stoma or 
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(3) the presence of a gastrojejunocolic fistula, 
and (4) closure of the stoma. These conditions 
are best shown during the fluoroscopic examina- 
tion with the patient upright. The stomach 
should.be empty and the examination should 
begin after only a swallow or two of the opaque © 
meal. It is the author’s impression that a niche 
will be seen in about 60 per cent of the cases. 
The majority are found in the jejunum, nearly 
always in the efferent loop and sometimes as far 
as 15 cm. from the stoma. It must be dis- 
tinguished from flecks of barium caught in the 
gastric rugae or jejunal folds. Deformity of 
the stomach, jejunum produced by 
the associated inflammatory reaction is the most 
common change accompanying gastrojejunal or 
It appears as a puckering about 
the stoma or narrowing of the jejunum. Fre- 
quently the deformed stoma hasa funnel-like 
appearance. In the absence of a malignant 
lesion, a fistula is evidence of 
preceding jejunal « ulceration, 
whether 5x meaty signs are present or not.— 
Author’s abstract. 


stoma or 


Marz, B. 
culosis among ex-service men. 
c., April, 1930, 779, 532-546. 


A study of intestinal tuber- 
Am. F. M. 


The records of the United States Veterans’ 
Bureau show the following facts concerning 
intestinal tuberculosis: The vague clinical signs 
and symptoms of the disease make its exact 
incidence doubtful, but its incidence in 200 
autopsies of patients dying from pulmonary 
tuberculosis was 60.5 per cent. 

The largest number of the 849 patients with 
intestinal tuberculosis were treated for less 
than one year. The next largest number were 
treated for from one to two years. 

Of the cases, 93.95 per cent had far advanced 
pulmonary tuberculosis (American Sanatorium 
Aaenchetienn Classification); 82.4 per cent had 
cavities. Most of the lesions were exudative or 
fibro-exudative. The time between the diag- 
nosis of the pulmonary and the intestinal in- 
volvement varied considerably. Usually it 
was from one to three years. The time be- 
tween the diagnosis of pulmonary tuberculosis 
and the onset of the first symptoms presumably 
due to intestinal involvement was usually 
from one to six months. A smaller group 
showed symptoms in to twelve 
months. The most frequent symptoms were 
abdominal pain, loss of weight, gas formation, 


from seven 


© 
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loss of appetite, post-prandial discomfort, 
diarrhea, emaciation, dyspepsia, alternating 
constipation and diarrhea. 

The roentgen diagnosis after Brown and 
Sampson coupled with a clinical diagnosis 
proved most accurate in detecting the disease. 

Treatment usually included rest, diet, helio- 
therapy (both natural and artificial), and 
medicinal therapy including calcium chloride. 
Of 849 patients 21 per cent were improved and 
2 per cent were cured. 

Most frequently the cecum, terminal ileum 
and ascending colon were involved; 97.5 per 
cent of cases showed pulmonary involvement. 
Perforation occurred in 17 and obstruction in 
20 cases out of a total of 490 cases. Laboratory 
findings are of little assistance in early diag- 
nosis. Death usually is due to a spread of 
pulmonary or intestinal disease. The autop- 
sy figures show a higher proportion of healed 
ulcers, either alone or in conjunction with 
active ulcers, in those cases given heliotherapy. 

It is concluded that ultraviolet radiation has 
a beneficial effect upon intestinal tuberculosis, 
but it is questionable whether or not it may 
jead to a cure.—G. R. Miller. 


Brunn, and Ruopes, Georce K. 
Acute hematogenous (metastatic) peri- 
nephric abscesses. ¥. 4m. M. Ass., Mar. 
1930, 94, 618-622. 

Attention is called to the close similarity be- 
tween acute hematogenous peinephric abscess 
and acute hematogenous osteomyelitis. Both 
follow pyogenic skin infections, such as boils, 
carbuncles, and eczema, and are almost in- 
variably due to the Staphylococcus aureus and 
albus. Such infections may be of slight moment 
and may antedate the bone or kidney lesion by 
several weeks or months. In children, the meta- 
static lesion occurs in the bone marrow, while 
in the adult it is found in the perirenal fat. In 
both these regions, end arteries are to be found. 
These offer excellent lodgment for septic emboli. 
That perinephric abscess seldom occurs in chil- 
dren is due to the fact that the perinephric fat 
in childhood is developed very poorly, if at all. 
A diagram is presented showing the arterial sup- 
ply to the region of the fatty capsule of the kid- 
ney. 

Because of the greater number of end arteries 
in the renal cortex, lodgment of infected emboli 
with resulting cortical abscess is more common 
than perinephritic abscess. The two condi- 
tions, however, present quite similar clinical 
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pictures. A cortical abscess may rupture into 
the fatty capsule and give rise to a secondary 
perinephric abscess. While this is the usual 
sequence, attention is called to the fact that a 
perinephric abscess may result from a cortical 
abscess by way of the lymphatics, since there 
is a free intercommunication of lymphatics 
through the fibrous capsule of the kidney. 

The authors believe that the reason the 
staphylococcus is found more frequently in 
perinephric abscess than either the colon bacil- 
lus or the streptococcus is the fact that the 
staphylococcus tends to agglutinate and form 
clumps much more readily than the other two, 
and can therefore much more easily block an 
end artery. In addition, phagocytosis plays a 
large part in staphylococcic infections and thus 
living bacteria may at times be delivered to 
remote parts of the body. 

Attention is called to the infrequency with 
which the diagnosis of perinephric abscess is 

made and how frequently the condition is 
given some other diagnosis. Thirty con: jecutive 
cases studied were divided into three groups 
(1) those cases with an insidious onset pre- 
senting no signs referable to the kidneys and 
extremely dificult to diagnose. These fre- 
quently receive a diagnosis of influenza, ty- 
phoid, endocarditis, or tuberculosis; (2) those 
cases, also of insidious onset, but with more 
general body soreness and only moderate symp- 
toms and discomfort referable to the kidney 
region, and (3) a group, more acute in onset, 
with symptoms indicative of renal pathology. 
Pain often referred to hip or leg of the affected 
side. Many wrongly diagnosed as presenting 
orthopedic conditions. 

The final pathologic picture of an overlooked 
diagnosis in any group is that of a large sub- 
cutaneous abscess pointing in the flank. 

In the diagnosis, roentgen examination gives 


the first positive confirmatory evidence of 


perinephric abscess. There are three roentgen 
signs indicative of this condition: 


A fluoroscopic examination may show a 
pr wen excursion of the diaphragm which is 
usually indicative of subphrenic disease. 

2. A most constant sign in roentgen films, 
taken of both kidney regions shows an oblitera- 
tion of the lateral border of the psoas muscle 
and an indefinite kidney shadow on the affected 
side. Repeated examination at intervals of a 


day or so will reveal a gradual obliteration of 


the psoas shadow. The cause of this oblitera- 


he 
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tion is attributed to edema of the perirenal fat 
and to blocking of the lymphatics within the 
psoas muscle itself with lymph edema. An 
illustration is presented showing the intimate 
relationship between the lymphatics of the 
kidney and the psoas muscle. 

. A third sign consists of scoliosis of the lum- 
bar vertebrae with its conv exity away from the 
affected side. This sign, while emphasized by 
some observers, has ‘st of less value to the 
authors. 

The authors believe that the roentgen ex- 
amination is of greater value in the diagnosis 
of perinephric abscess than any other diagnostic 
procedure. Of the three roentgen signs given, 
they have found the second of greatest value. 


Karl Kornblum. 


KAUFMANN, Rospert, and Mme. KAuFMANN. 
Sur le radiodiagnostic lipiodolé des lésions 
des voies biliaires aprés fistule. (On the 
lipiodol roentgen diagnosis of lesions of the 
biliary tract in fistulae.) Bull. et mém. Soc. 
de radiol. méd. 
165-169. 


France, April, 1930, 78, 


Several authors, as is known, advocate the 
use of lipiodol for diagnostic purposes in fistulae 
of the biliary tract. In recalling the experi- 
ments of Claude Bernard, who able to 
produce a hemorrhagic eer with death 
after injection of the Wi irsung can al with fatty 
substances, the author experimentally studied 
the effect produced by the presence of lipiodol 
within Wirsung’s canal. He injected, under 
chloralose anesthesia, 2 to 3 c.c. lipiodol direct- 
ly into the Wirsung a dog of 8soc 
gm. weight, and found that death resulted 
within twenty-four hours. At the necropsy 
there were all the signs of a hemorrhagic pan- 
creatitis. 


was 


canal, in 


The conclusion is drawn that lipic dol, during 
the injection of fistulae of the bil lary tract, 
may enter the Wirsung canal and may produce 
serious complications. This is es 


‘cially true 
when the pancreatic juice is acti 


either 
biliary tract 
(the leucocytes secreting a ferment 
activating the pancreatic juice) or by the 
lipiodol which has entered the intestine (this 


by a leucocytosis of the infected 


again activating the pancreatic juice).—T. 
Leucutia. 
Murpuy, Georce T., and GEORGE 


M. The emptying of the gallbladder follow- 
ing restoration from acute exper imental cho- 
lecystitis. Arch. Surg., May, 1930,20,756-761. 
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capable of 


The authors present experimental data which 
indicate that the contractility of the gall- 
bladder is interfered with during disease, and 
that contractility is restored following the dis- 
appearance of the inflammation. They show 
the rapidity with which the acutely inflamed 
gallbladder may be restored to a functionally 
normal condition. 

Acutely inflamed gall-bladders do not empty 
after the fatty meal. The authors believe that 
the disturbance is in the wall of the gall-bladder 
and not due to extraneous physiologic factors. 
The solution (ensol) used by the authors to 
produce the acute inflammation seems to be 
specific for the gall-bladder. After the gall- 
bladder has returned to normal, peristalsis goes 
on, the flow of bile remains undisturbed and 
there is no reason to believe that the sphincteric 
mechanism at the duodenal end of the common 
bile duct is under unusual tonus, inhibiting the 


flow of bile from the gall-bladder.—E. P. 
Pendergrass. 


GYNECOLOGY AND OBSTETRICS 


Grier, G. W. The value of a lateral view in 
the diagnosis of pregnancy. Radiology. 
June, 1930, 74, 571-575. 


For the roentgen diagnosis of early preg- 
nancy and multiple pregnancy, the author con- 
siders the lateral view to be decidedly more 
reliable than the anteroposterior. When a 
pregnant woman lies on her side the uterus 
occupies the anterior part of the abdomen and 
the total dimension of the tissue to be pene- 
trated by the rays is considerably less than 
when she lies on her back, and a clearer image 
of the fetus is obtained. In the later months 
of pregnancy, after the fetal head has descended 
into the pelvis, the anteroposterior view is 


preferable—7. D. Camp. 
Jarcuo, Jutius. Roentgenographic examina- 


tion of the female pelvic organs. Am. Ff. 
Surg., March, 1930, 8, 630-637. 
Roentgen examination of the female pelvic 
organs is an established diagnostic aid. In- 
suffation of the peritoneal cavity has been re- 
ported by Stein and Stewart, Rubin, Peterson 
and Sage. Injection of opaque media into the 
uterus and tubes has been accomplished suc- 
cessfully by Stein and Arens. Forsdike, Hasel- 
horst and Rubin have employed both tubal 
insufflation and opaque medium injection. 
Pneumoperitoneum and iodized oil injection 
have been combined in one operation for which 


A 
i 
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the author has devised an instrument termed a 
“pressometer.” The injection is made entirely 
through the uterus except in cases with oc- 
cluded tubes, bloody or purulent discharge or 
suspected carcinoma of the fundus. In these a 
transabdominal insufflation is done while the 
uterus is outlined with oil. In either method 
from 800 to 1500 c.c. of gas and from 3 to 15 
c.c. of oil are injected. Oxygen is less rapidly 
absorbed than CO, and may be used by the 
beginner. COs: is more comfortable for the 
patient. The Peterson partial knee-chest pos- 
ture is used. 

Accurate demonstrations of pelvic conditions 
are reported.—G. R. Miller. 

GENITOURINARY SYSTEM 
THompson, GersHom J., and Bumpus, HeEr- 

MON C. Jr. Ureteral kinks; how they occur 

at the order “take a deep breath and hold 

it.” F. Am. M. Ass., Mar. 15, 1930, 94, 

771-772. 

The authors call attention to the possibility 
of producing a kink in the ureter during 
pyelography when the roentgenogram is made 
during deep inspiration. They believe that this 
is the possible explanation for the fact that in 
many patients consulting them, on whom a 
previous diagnosis of ureteral kink had been 
made, they were unable to demonstrate such 
kinks. They present 3 cases with roentgeno- 
grams showing a ureteral kink when the ex- 
posure was made during full inspiration, and 
an absence of the kink when exposed during 
full expiration.— Kornblum. 


Martius, H. Ueber weibliche Genitalakti- 
nomykose. (Female genital actinomycosis.) 
Munchen. med. Wehnschr., March 7, 1930, 
77> 392-394- 

A case of actinomycosis of the pelvic organs 
was treated successfully by application of frac- 
tional doses of deep roentgen therapy (0.5 mm. 
Cu plus 3 mm. Al, 200 kv.). The case is de- 
scribed in detail.—T. Leucutia. 

NERVOUS SYSTEM 

Davis, Loyat, Haven A., and Srone, THEO- 

porE T. The effect of injections of iodized 


oil in the spinal subarachnoid space. ¥. 4m. 
M. Ass., Mar. 15, 1930, 94, 772 


ree. 


In an extensive review of the literature, the 
authors detail the uses and abuses of injec- 
tions of iodized oil. After searching the liter- 
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ature the authors were unable to find much 
evidence indicating possible dangers for the 
use of the opaque oils. 

They report 31 cases in which it was possible 
to localize the lesion in the spinal cord in 29 
cases without the aid of the iodized oil. They 
believe that it is unnecessary to inject oil in 
the vast majority of instances. 

In 10 animals injected with iodized oil 
intracisternally, definite evidences of lepto- 
meningeal reaction, fat encystment and de- 
generative changes in the gray matter were 
found. One dog died three days following the 
injection. They conclude that the injection of 
iodized oil into the subarachnoid space is to be 
regarded as a dangerous procedure.—F. P. 
Pendergrass. 


SKELETAL SYSTEM 


Wacner, Aace. Isolated aseptic necrosis in 
the epiphysis of the first metatarsal bone. 
Acta radiol., Apr. 30, 1930, 77, 80-87. 


After reviewing the literature on the sub 
ject of the so-called aseptic epiphyseal necroses 
the author describes a similar but not identical 
affection in a girl six years of age. There was a 
slight but unmistakable swelling of the left 
foot over the joint between the tarsus and the 
first metatarsal bone. It was quite firm, there 
was no edema or superficial veins but the skin 
was somewhat red. The joint was slightly 
tender on pressure while that of the right foot 
was not. There was a possible history of trauma 
about a year before. There was no atrophy of 
the foot or the muscles of the leg. The muscle 
tone was alike on both sides. The arches of both 
feet were rather low but imprints showed that 
the patient was not flatfooted. As the liga- 
ments were very much relaxed it was thought 
that the case might be one of beginning pes 
planus. 

Roentgen examination showed the epiphysis 
of the proximal end of the first metatarsal 
bone of the left foot considerably broader from 
side to side than the corresponding one in the 
right foot, and shorter from end to end. The 
bone was solid except in two places where 
there were slight rarefactions. The demarcation 
toward the tibial side was not sharp but rather 
woolly. The interarticular space was about a 
millimeter wider than the one on the right 
foot. The lateral view of the right foot showed a 
distinct double outline of the epiphysis while 
in the left foot this double contour had almost 
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entirely disappeared and there was only a 
thin compact shell. None of the other bones of 
the foot were abnormal. The patient was 
examined two, four and six months later and 
So 
was the swelling of the left foot: but the sub- 
jective symptoms had disappeared after the 


the roentgen pictures were just the same. 


patient had been given arch supporters in her 
shoes and had been cautioned to avoi 
her feet. 

There is no di 


d tiring 


of 


causes. 


ubt that aseptic ne 


the epiphysis may be due to different 


croses 


The author is inclined to think that trauma was 
the cause in his case. t think the 
fall a year before, not any 
pain, brought about the disease. But in the 
course of the development of the 


He does n 
which did ause 
patient's 
incipient flat-foot particularly strong pressure 
may have developed on the medial bones of the 
metatarsus and this may have contributed to 
the causation of 


the disease. dud G. 


Jansson, GOsra.  Osteochondriti 


1 | 
betracntet. 


di ssecans 
( sesichts 


ndritis dis 


Konig) ischen 


vom 


punkt aus Osteoch« 


secans Konig considered from the roent- 
genologic point of view. 1c /., Apr. 
30, 1930, 77, 33-56. 

\ number of cases are described and the 


author reviews Axhausen’s theories in regard 


to the epiphyseal necroses, which include osteo 
\xhausen says that this 
Perthes’, Ki nbé k’ 


is caused by asept 


chondritis dissecans. 
disease, aS well as 


KoGhler’s 


resulting from 


S and 
disease necrosis 
The differences in 
the roentgen picture in these diseases are caused 


only by differences in 


embolism. 


the secondary changes 


in the necrotic bones, which are to ertain ex- 


tent caused by diftfere or weight 


nces in the strain 
which the joints h 


ave to support. 
The author has made comparative roentgen 
studies of sequestra removed surgically and 


the corresponding changes in the joint surfaces 
hondritis dissecal and of the 
His examina 
tions have shown that the sequestra in 


in cases of osteo 
so-called traumatic sequestra. 
cases 
of osteochondritis dissecans have a different 
roentgen structure from other forms of seques- 
tra, and that the roentgen chang es in the 
condyle of the femur are specifi 
chondritis dissecans. So the roentgen findings 
seem to justify considering osteochondritis dis- 


for osteo 


secans as having a different etiol 
joint bodies.— Audrey G. Morgan. 
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BAUMANN, Ernst. Ueber schienbare hori- 
zontale Halbierung von Wirbelkérpern im 
Réntgenbilde. (On simulated horizontal 
division of vertebral bodies in the roentgeno- 
gram.) Schweizer. med. Wcehnschr., 1930, 
60, 267. 


The “horizontal division” of vertebral bodies 
has been observed during adolescence. The 
author relates briefly the history of a man, 
aged twenty-six, who presented this picture 
in five vertebrae, roentgenographically. The 
clinical syptom was vague back pain occurring 
particularly after strenuous exercise. The case 
had been diagnosed before as suspicious of 
tuberculous spondylitis. The horizontal di- 
vision of vertebral bodies is, in all probability, 
an anomaly without pathological significance. 
It is caused by paired vein canals in the bone. 
A roentgenogram of the lateral spine is ap- 
pended. E. A. Pohle. 


ScHOENTHAL, Lupwic, and BurpEE, CLAUDE. 
Renal rickets. Am. F. Dis. Child., March, 
1930, 79, 517-528. 

In recent years, considerable attention has 
been paid to a peculiar combination of chronic 
renal disease and deformity of the bones, known 
as “renal infantilism,” “‘renal dwarfism” or 
“renal rickets.”” Schoenthal and Burpee state 
that all authors have agreed that renal in- 
sufficiency is the cause of the condition. The 
renal insufficiency leads to an acidosis which is 
supposed to cause a mobilization of calcium 
from the bone, resulting in decalcification. 
They distinguish two types of renal rickets: 
one due to congenital malformation of the 
kidney or urinary tract; another due to a 
chronic renal insufficiency of the character of 
an interstitial nephritis becoming manifest 
later in childhood. 

A case of the first type is reported in great 
detail. Metabolic studies on this case, a child 
of eight years of age, showed a negative total 
base balance, a negative calcium balance and 
a negative phosphate balance during certain 
periods. The blood changes were a moderately 
low total base, low bicarbonate, low protein, 
low calcium, high phosphate and high non- 
protein nitrogen; both calculated and observed 
osmotic concentrations exceeded the normal. 
Chronic acidosis was present over a long time. 

The patient showed typical rachitic bone 
deformities, such as bossing of the parietal and 
occipital bones, rachitic rosary, pigeon chest, 


| 
17 | 
—+— 


712 Abstracts of Roentgen and Radium Literature 


Harrison’s groove and genu valga. On his 
second admission roentgen examination showed 
rachitic changes of the bones and also rudi- 
mentary sinuses. 

Disodium phosphate administered to the 
patient was poorly absorhed and slowly ex- 
creted and resulted in a lowering of the blood 
calcium with but a slight increase in blood 
phosphate. The effects were similar to those 
observed in genuine rickets. Sodium bicar- 
bonate, administered by mouth, led to a posi- 
tive base balance, although the calcium balance 
remained negative. The loss of the calcium 
was chiefly by way of the bowel. The effect on 
the blood was an increase in phosphate, a de- 
crease in calcium and an increase in the bicar- 
bonate and total base. 

Calcium acetate, when administered by 
mouth, led to a decrease in blood phosphate 
and a slight increase in blood calcium. There 
was no appreciable effect on the bicarbonate 
or total base. 

The usual methods of treatment of rickets, 
such as the administration of vitamin D were 
ineffective in this case of renal rickets. Re- 
placement of the depleted base, calcium and 
phosphate, is a logical method of treatment, 
although the effects are but temporary unless 
the treatment is continuous. This may be 
accomplished by the administration of an 


alkaline ash diet, together with calcium acetate. 
—R. S. Bromer. 


v. ALBeRTINI, A. Bemerkungen zur sarko- 
matésen Entartung bei der Ostitis defor- 
mans. (Remarks on sarcomatous degenera- 
tion of osteitis deformans.) Fortschr. a. d. 
Geb. d. Réntgenstrahlen, March, 1930, 47, 
443-444. 

In a recent article Wissing published 2 cases 
of osteodystrophia fibrosa which later trans- 
formed into sarcoma and from this he con- 
cluded that osteodystrophia fibrosa represents 
a presarcomatous stage. The author published 
a similar case in 1928 in Virchow’s Arch. f. 
path. Anat., 268, p. 259, but cannot agree with 
the conclusions of Wissing. It is more probable 
that osteodystrophia fibrosa is only a pre- 
sarcomatous intermediary stage which under 
certain conditions may undergo malignant de- 
generation and thus transform into sarcoma. 
T. Leucutia. 


Stone, Rospert S. Echinococcic involvement 
of bone. Radiology, June, 1930, 74, 557- 
561. 
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Echinococcus cysts in man occur rarely 
the United: States and Canada, and the “on 
are involved in less than 2 per cent of the 
cases. The author reports an instance in which 
the cysts were situated in the ilium and sacrum. 
Starting as a small cyst, echinococcus involve- 
ment of bone develops into a multilocular cyst 
with many small ones in the immediate vicinity, 
There is no sequestration, no atrophy and no 
increased calcification. Any bone may be 
affected, but the pelvis, femur, humerus and 
tibia are the most common sites. 

In the same issue of Radiology (p. 562) Hsieh 
reports a case observed at Peiping, China, in 
which the pelvic bones and the head and neck 
of the right femur were involved.—¥. D. Camp. 
D’Istria, A. Usure vertebrali da aneurisma. 

(Erosion of the vertebrae from aneurysm. 

Radiol. med., Jan., 1930, 77, 1-15. 

The clinical diagnosis of aneurysm of the 
aorta is quite difficult and may be supple 
mented by roentgen examination which shows 
erosion of the vertebrae. Recently Brailsford 
described a case in which the diagnosis was not 
made for two years, in spite of repeated roent 
gen examinations, but was finally made from 
a lateral roentgenogram and confirmed by 
autopsy. 

The author describes 5 cases. In 3 of them 
the patients were syphilitic, in the fourth the 
patient denied syphilis but the Wassermann 
was positive, and nothing is said about venereal 
infection in the fifth. The lateral views gave a 
more definite picture of aneurysm than those in 
the anteroposterior position. There was a dis 
tinct excavation in the spinal column at thi 
site of the aneurysm. The intervertebral discs 
were perfectly preserved and in each vertebra 
in the affected segment the spongy central 
substance was more eroded than the upper 


and lower lamina, so that the general line of 


the erosion is dentate with slight projections at 
each intervertebral disc; the greatest erosion 
is not uniform in all parts of the vertebra at the 
site of greatest pressure by the aneurysm. 
There is a double outline of the excavation in 
the roentgen picture in advanced cases, one 
line being at the boundary between the bone 
and soft parts and the other at the boundary 
between the partly eroded and the normal 
bone. 

The right or left oblique projection may give 
details not given in the lateral picture if the 
erosion is asymmetrical. 
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The question of the cause of this erosion in 


aneurysm has always aroused a great deal of 


Morgagni and Verbrug 
the blood in aneurysm has a “ 


discussion. e held that 


corrosive ichor,’ 
a sort of chemical property which dissolves 
the bone. Hunter and Scarpa held that the 


aneurysm increases the absorptive capacity of 


Laenne< 
the erosion is due to the constant 


the lymphocytes for bone. says that 
the blood against the bone and explains the 
almost complete destruction of the vertebrae 
with the discs remaining intact as being due to 
different specific resistance of different tissues 
to the action of the impact of the 


blood, just 
as leather resists the 


impact of water longer 


than wood or other solid bodies. Huchard 
and Oettinger hold that the erosion of the 
bone is preceded by a rarefying osteitis, which 
is practically the same thing as Franck’s theory 
that the erosion is the result of a slow inflam- 
mation communicated to the bone from the 
sac of the aneurysm. But a post-mortem 
roentgen study of the spinal column in one of 


the author’s cases that where the 


] 
vertebrae were not destroyed they were normal 


showed 


which he thinks argues in favor of the mechani- 
cal ausation of the erosion. rey G. 
More 
DenrER. Guérison d’un ulcére géant tuber- 
culeux de la jambe Healing of a giant 
tuberculous ulcer of the leg. Bull. et mém. 
Soc. de radiol. méd. de France, April, 1930, 
18, 174-175. 
\ tuberculous ulcer of the lez was treated 
by the author with roentgen irradiation of the 
suprarenals combined with local application 


of diathermy and ultraviolet rays. 
gen ther apy con isted in the adm 


a first series of 12 


[he roent- 


th later a 
spark gap without 
A perfect healing ensued whi 


R, and one mon 
second series of 200 R 


filter 


12cm. 
h has now 
lasted for a period of about a year. Photographs 
of the lesion before and after treatment are re 
produced.—T. Leucutia. 

BLOOD AND LYMPH SYSTEM 


MANDEVILLE, F. B. 


erythroblastic 


Roentgen-ray findings in 
) 


anemia. Radiology, July 


Ery thre blastic 


anemia, as described by the 
author, is a 


hemolytic anemia occu 
infancy and early childhood, charac 
enlargement of the spleen, dark « 


rring in 
terized by 
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containing urobilin, moderate leucocytosis, and 
an extremely large number of erythroblasts 
in the circulating blood. Its etiology is obscure 
-_ only one patient with the disease is known 
» have reached adult life. Roentgen mani- 
clan in the bones have been noted as 
follows: (1) thickening of the medullary por- 
tion of the frontal, parietal, temporal and 
occipital bones; (2) thinning of the inner and 
outer surface of the bones of the skull vault; 
(3) a mottled appearance of the medullary 
portion of the cranium in the earlier stages, 
described by several authors as a spongy or 
porous appearance; (4) striations perpendicular 
to the tables of the skull in the later stages, 
with the diploé gradually assuming a thickness 
equal, at times, to as much as four times its 
normal width; (5) irregular trabeculations in 
the pelvis, vertebrae, ribs, clavicles and scap- 
ulae, the appearance of which is apparently 
due to new bone formation; there is evidence 
of slight rarefaction within the trabeculated 
areas, which has been described as a porous 
appearance, which is evidently due to localized 
destructive bone changes; (6) definite thinning 
of the cortex of the long bones, an important 
and rather constant finding; (7) rarefaction 
of the shafts of the long bones, the medulla of 
the long bones demonstrating increased radi- 
ability, which characteristic is well illustrated 
and described by some authors as a transparent 
medulla; (8) trabeculations of the medulla of 
the long bones, more marked in the meta- 
physes, which appear as po and finely 
pencilled trabeculae near the ends of the bones; 
some authors have described them as trabecu- 
lations perpendicular to the cortex, but this 
the author has found not to be the rule; the 
trabeculation may affect all of the bones of 
the body; (9) normal joints, no pathologic 
change having been noted to involve the joint 
surfaces or spaces; (10) no periosteal elev ation, 
periosteal involvement not being recorded, and 
11) absence of pathologic fractures. Distinc- 
tion of these manifestations from those pro- 


duced by certain other anemias, chloroma, 
syphilis and metastasis is difficult—¥. D. 
Camp. 

MISCELLANEOUS 


Mutper, Dents. Neue Ergebnisse der Rént- 
genologie, Fern- und Totalaufnahmen, etc. 
(New roentgenology, teleroent- 
genograms and roentgenograms of the entire 


results of 


| 
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body.) Schweiz. med. Wehnschr., 

1930, 60, 14-18. 

In a brief introduction to this article Pro- 
fessor Iselin of the University of Bale empha- 
sizes the great importance of Mulder’s dis- 
covery which permits the production of roent- 
genograms at 7 to 8 meters distance. Details 
of the construction of the apparatus are not 
given since the author is negotiating with 
several manufacturers concerning the purchase 
of the patent rights. According to his state- 
ment the new apparatus affords complete pro- 
tection to the operator against secondary ra- 
diation. The tubes also tolerate high cur- 
rents up to 500 ma. Several reduced prints 
show that roentgenograms of the whole body 
can be taken, for instance, on films of 1.8 to 
2.0 meters. Comparative studies demonstrated 
the fact that the general opinion as to the pro- 
per distance for teleroentgenograms must be 
revised. The films taken at 2 and at 8 meters 
reveal an enormous difference; the advantages 
of the parallel radiation in case of sufficient 
distance between light source and object are 
obvious. A number of case histories are re- 
lated where the new method permitted the 
diagnosis of pathological changes heretofore 


overlooked.—E. A. Pohle. 


Boucuacourt, L. Quels sont les principes quo 
m’ont conduit 4 la conception et 4 la con- 
struction en Ig19, de ma bonnette no. 4, 
utilisant 2 ampoules et 2 écrans placés a 
angle droit, mais permettant une véritable 
endoscopie du membre fracturé ou luxé, 
grace 4 |’emploi d’un miroir qui redresse 
l’une des deux images? (What are the prin- 
ciples that led me to the conception and to 
the construction in 1919 of my bonnet No. 4 
utilizing two tubes and two screens placed 
at right angles and permitting a true endo- 
scopy of the fractured or subluxated ex- 
tremity by the use of a mirror reflecting one 
of the two images?) Bull. et mém. Soc. de 
radiol. méd. de France, Feb., 1930, 78, 69-74 
In 1919 the author constructed a bonnet for 

viewing the fluoroscopic reduction of fractures 
and subluxations in two planes. Two tubes 
and two screens at right angles were employed 
for this purpose and one of the roentgenoscopic 
images was reflected by means of a mirror 
placed at 45° so that the observer could see (in 
his bonnet) both images simultaneously, one 
above the other. 


Jan. 4, 
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The bonnet is redescribed because of a re- 
cent tendency by several authors to use the 
biplane viewing and especially on account of 
an article by L. G. McCutchen on “The 
value of the biplane fluoroscopic screen in the 
reduction of fractures and the removal of 
foreign bodies energizing both tubes at the 
same time” (Radiology, Jan., 1930, 74, 
order to draw attention to the fact that the 
principle of the method was used long before. 
Moreover, in the model constructed by the 
author (and now perfected by G. Pascalis), 
thanks to the mirror arrangement, the imag 
in the two planes can be viewed by the “ 
server simultaneously, while in all other appara- 
tus the images have to be viewed alternatingly 
or by two different observers.—T. 1. 


Betor, J. La protection intégrale (Massiot, 
constructeur). Nouveau modéle perfectionné 
(1930). (Integral protection (constructed 
by Massiot); new improved model, 
Bull. et mém. Soc. de radiol. méd. d 
Feb., 1930, 78, 61-64. 

As is known, 


660), in 


ucutia. 
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France, 
the author recently designed a 
roentgenoscopic unit embodying the principle 
of integral protection of the operator against 
both direct and indirect radiation. 

The unit consists of a separate room re 
served for the generating apparatus, a fluoro 
scopic room for the examining roentgenologist 
and his assistants and a corridor for the patient 
placed between the machine room and Lone 
ing room. 

As a result of the experience gained during 
the past year, new improvements have been 
added: pro 
vided with a selector for roentgenograms in 
series, the movability of the screen in the ver 
tical direction was extended so as to be able to 
examine children, the flexibility of the 
and of the diaphragm system was increased, 
the platform for the patient was perfected, a 
transparent mobile hook was placed behind the 


the roentgenoscopic screen was 


tube 


patient so as to draw him nearer to the film 
during the taking of roentgenograms, the focus 
screen distance was reduced to I meter, 3 
cm. for teleroentgenography and to 80 cm. for 


roentgenoscopy and provisions were made so 
as to be able to take simple stereograms and 
telestereograms. 


As a result of these improvements the ap 


paratus can be handled with ease for all types of 
examinations.— 


T. Leucutia. 
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X-RAY EQUIPMENT 


With a personnel and name unchanged 
since the date of its inception more than 
a quarter of a century ago a devo- 
tion to the original idealism of the found- 
ers who still control the destinies of the 
organization . . . an ambition to serve 
that has retained its initial enthusiasm 

Keleket closes a successful year well 
satisfied with the X-ray business trend for 
1931. 


| Naturally throughout these years there 
has been a transformation in style, pro- 
duction methods have been improved, life 
| has become much faster and more com- 
plex, demands of the profession much 
greater and more exacting, yet through it 
| all Keleket quality has never lowered its 
standard. 
Our original policy will continue: To 
| offer to the profession only that appara- 
tus that proves to be a distinct contribu- 
tion to the service of prolonging life and 
promoting health. 


If you are thinking in terms of X-ray 
equipment, let a 
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Another Contribution To 


A Humanitarian Cause... 


Eastman Diaphax Dupli-Tized X-ray Film 


. owe the epoch-making discovery of x-rays by Roentgen, Eastman 
scientists have kept pace with every advance in radiography. Their 


latest contribution to the humanitarian cause. . 


alleviation of suffering 


. is Diaphax Dupli-Tized X-ray Film. 


Diaphax Features 


Reduces present exposure time 

Retains all desirable features of Contrast 
emulsion 

May be viewed for interpretation before win- 
dow or illuminator 

Permits recording of pen or pencil notations 
on the film surface 

Requires nochange from standardized process- 
ing procedure 


Supplied with Safety or Nitrate base 


Fifty years of photographic ex- 
perience assures wunvdrying uni 


formity in Diaphax X-ray Film. 


It combines greater sensitivity and 
new ease of viewing before an 
illuminator or a window with the 
features of Eastman Contrast Film. 
Diaphax is Dupli-Tized Film 

the accepted radiographic recording 
medium the world over. 


Diaphax Film is supplied at no increase in price 
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